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PREFACE. 

The main educational value of Zoology as a school 
subject is the excellent opportunity it affords for training 
the powers of observation and for developing a sjjirit 
of independent inquiry in children. Indeed, if a young 
student begins the subject on right lines, Nature herself 
will soon take the place of his teacher. 

Hence it is important to grasp the getieral principles 
of the subject early, in order to be prejxired to deal 
with and explain facts which would otherwise appear 
meaningless. With this aim in view, an elementary account 
of a few readily obtainable animals is given ; so that, 
with the actual specimens before him, miy reader may be 
able to verify what is given in the text concerning the 
structure of each animal without having recourse to dis- 
section or to niicro.scopic examination. 

By adopting this |)lan, and with the aid of the practical 
work and exercises provided, the reader will, under suitable 
guidance, soon acquire the power of giving a clear, simple, 
and concise account of the appearance, general structure, 
and habits of our familiar animals. Such a course of study 
should, at the same time, arouse a more general interest 
in natural objects. 

Although the book is not written to cover the syllabus 
of any particular educational body, it should prove useful 
in schools where Nature Study is taught, and provide an 
introduction to the subject for those who intend to offer 
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Zoology in the Oxford find Cambridge I/)cal Examinations, 
those of the National ‘Frocbel Union, and others of like 
scope. 

Most of the illustrations are new and have been specially 
prepared from si)A:imens in the museum of the University 
College of South Wales and Monmouthshire. For many 
of the drawings— which are intended to serve as model 
diagrams to those who follow the practical work- 1 am 
indebted to Miss Mary Hrockington and Miss R. Ethelinc 
I)avie.s, to whom the artistic merits of the coloured plates 
1., II., and III., are also due. Mr. H. M. Salmon very 
kindly placed at my disposal photographs from his valuable 
collection illustrative of bird-life. 

My thanks are also due to Prof. W. N. Parker, and to 
Prof. R. A. Gregory and Mr. A. T. Simmons for their 
valuable and experienced criticism during the pre[)aration 
of this book; and to Mr. E. E. Rurlend and Mr. W. 
Raitt for careful correction of the proofs. 

T. II. BURLEND. 


CAKDII'K, 
June, 1911. 
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CHAPTER 1. 


INTRODUCTION. 

From our earliest youth’ we are attracted by the animals 
which live, move, and grow around us. A child, very early 




I'holo by U M ihliuuii 

Fig. I.— a scene in the country. 


in life, is fascinated by the movements of a fly or bee, and 
longs to seize and examine it ; or, again, the colour and form 
of a shell will arrest the attention of most young children. 
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Can wt wonder therelbre that these natural objects should 
likewise appeal to most boys and girls? I'hus we are not 
surprised to find children who live in the country taking 
delight in collecting flowers or berries, and quite uncon- 
sciously learning at what season and in what places to 
find them. Moreover, with what pleasure do children from 
a busy town, when taken for a day into the country, engage 
in collecting and examining natural objects ! 



. Pboto. bj Flftttcn, Milbonie ft M'Keobnie. Ltd. 
Fig. 2. — Nest and eggs of Song-Thrush. 


Most of us, in our schooldays, have been absorbed in 
some such pursuit as that of collecting plants, fishing, or 
bird-nesting, and this to the exclusion of other kinds of 
recreation, so that we may well ask ourselves why Nature’s 
attractions seem to appeal to us less in later years; yet 
even a grown-up person would probably derive as much 
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pleasure as a child does, if he were vftiting the sea-shore for 
the first time. After he had contemplated the power of the 
restless waves, his attention would be turned to the animals 
which inhabit the sea-shore, — in the rock-pools or amongst 
the abounding profusion of sea-weed. 



Photo, by II. H. Mnon. ^ 

Fic. 3.— niackbird on nest 


We are, in fact, naturalists or students of Nature’s handi- 
work instinctively from youth. The boy who learns to tell 
the songs of birds and knows their mode of flight ; the size, 
colour, number of their eggs, and where these may be found ; 
or the youth who has learnt the favourite haunts of the trout 
in the neighbouring streams ; are both unwittingly naturalists. 
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For it* is not merely the structure of the bodies of animals, 
but their habits and all about them, which must be included 
in the study of that branch of Natural History known as 
Zoology. Moreover, although much may be learnt by 
examining animals, this knowledge should be extended by 

\ ' 



Fboto by H. M. 

Fig. 4--Nest of l.ong-tailed Tit. 

carefully reasoning out the why and the wherefore of the 
various structures which different animals possess. 

We may suppose we are taking a walk in the country. 
Let us consider some of the problems which must be 
solved. The birds about us are vairied in size and colouring, 
i.e. the blending of their colours. Some have long beaks, 
others short. Why should there be such variation in the 
shape and comparative size of birds’ beaks? Do we 
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associate these differences with their food and habits? 
Whether we do so or not, there is a close relation between 
a bird^s beak and the nature of its food. 

Much diversity of pattern is displayed by birds of different 
kinds in nest-building, and in the number, •size, and marking 



Fliota bj 11. M. SBlmon. 

Fii;. 5.— Lesser Tern alighting on nest. 


of the eggs. Does the boy on his nesting expeditions ever 
wonder why the song-thrush has a mud-lined nest, whereas 
the crow and wood-pigeon make a nest of sticks ? Or, again, 
does he know why the skylark and the curlew build nests 
on the ground, whilst the wood-])igeon builds its nest in 
the lower branches of a tree? 'I'he latter bird lays only 
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two eggs, but the llirush lays four or five. Why ? Vet such 
a boy would be astoivsbcd -and with good reason — to find 
a wood-pigeon’s nest containing five eggs, or a swallow’s 
nest made of sticks. In order to answer correctly the above 
and similar ciues^pns, it is important to learn some of the 
facts which a proper inquiry will afford. 

'fhe student of animal life is not content with observing, 
for instance, the long ankle region and short fore-limbs of a 
frog, but seeks a correlation of these features with the power 



IHiuto. by Xlltnrne ft M‘KecIinIe, Ltd. 

Fig. 6. — A sea-shore .scene .nt low tide. 


of jumping. 'Fhe tongue of a frog, again, is as.sociated by 
a zoologist with the way in which the frog feeds. 

A visit to the sea-shore reveals the fact that many animals 
which live in sea-water are not found in ponds or rivers. 
None of the frogs, newts, water-beetles, or “ water-boatmen ” 
of our ponds are to be found inhabiting the rock-pools 
which are left at low tide. Why is this? The answer is 
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that these animals are not adapted or fitted for ‘living 
under such conditions. There is a strong tendency for us 
to grow so much accustomed to finding certain animals 
living in particular places under* certain conditions, that we 
too often neglect to ask ourselves why ^me animals are 
completely limited to particular localities. 

These and innumerable other questions the student of 
animal life can inve.stigate if properly equipped,— by making 
a careful e.\amination of animals, their structure, liabits, 
food, movements, and so forth. Judging from the interest 
in animals which we display in early life, and the apparent 
lack of it as we grow older, it would seem that most 
of our youthful interest in the subject leaves us. So 
many and fascinating are Nature’s secrets, however, that 
each day would bring an added zest to our inquiry into this 
subject if we learned to examine intelligently, and deduce 
correctly, the answers to many of the questions which the 
study of animal life aflfords. In the following chapters a 
few animals will be considered, and an attempt made to 
show how wonderfully they are fitted for the way in which 
they live, feed, and move amid their surroundings or 
enTironment 



CHAPTER 11. 


THE EARTHWORM. 

Where fonild.— Earthworms may be found on lifting 
up boards or large stones which have lain on moist soil for 
some time ; they may also be obtained by following closely 
behind the plough in the newly-made furrows, or by digging 
up garden .soil, es{)ecially if this be rich and damp. Occa- 
sionally after very' heavy rains worms are found on the 
surface of the ground in large numbers, though they usually 
remain in imsages or burrows beneath the surface during 
the day, and only appear above ground at night for the 
purpose of getting food. In frosty weather, earthworms 
descend much deeper into the soil, and are consequently 
more difficult to obtain in winter. 

Work of Earthworms.— The tracks of worms are 
frequently discernible on the surface of a muddy road after 
wet weather, as grooves leading to or from the opening of 
a burrow. But more distinct evidence of their recent 
presence is furnished when a closely-mown lawn is examined 
on almost any morning of the year from April to November. 
Near the openings of burrows will be found little heaps of 
fine crumbling earth. This earth has been brought up to 
the surface of the ground by worms, and, having passed 
through their bodies, has been deposited in the form of 
castings. The little animals practically eat their way 
through the soil, leaving passages or burrows behind. 
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A good deal of nutrient material is present in the soil, and 
this is extracted by the worm during the passage of earth 
through its body. 'Fhe castings, consisting of material of 
no further use to the earthworm, are deposited at the mouth 
of a burrow. The earthworm is an inv^uable friend to the 
farmer, for it not only burrows in the soil — thus making 
passages for the access of air, light, and moisture — but it 
is also continually bringing to the surface finely-divided 
earth in which there is a fresh supply of nutriment for 
plants. In other words, the little animal ploughs, harrows, 
and at the same time helps to drain the land. 

Appearance. — The earthworm has a round elongated 
body, tapering rather more abruptly at the front or anterior 
end — viz. the end which leads the way when the animal is 
moving along — than at the hinder or posterior end. The 
colour is reddish-brown on the upper or dorsal surface 
and greyish-white on the under or Tentral surface — viz. 
the region in contact with the ground. The mouth is 
not difficult to find : it is an opening at the front end of 
the body overhung by a fleshy upper lip. At the hinder 
end of the body the vent, an aperture through which 
castings are ejected, is situated. Although the body is 
for the greater part of its length similar in size and 
appearance, the first one-third is rather thicker than the rest, 
while the posterior or hinder region is somewhat flattened, 
and appears as though pressure had been put upon this 
region, thus slightly altering its shape. About one-third 
of the way along the body from the front end there is a 
broad ring or girdle — the clitellum— encircling the animal ; 
this is really a thickening of the skin, and is not found in 
young worms. 

Segmentation. — Perhaps the most striking feature of 
the earthworm is the presence of a regular series of rings 
along the body. The animal seems to be made up of a 
number of similar successive pieces or segments, about 
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one hundred and fifty in all ; consequently \vc speak of the 
worm as a segmented animal. 

Movement. — When an earthworm is taken up in the 
hands and its bod^ gently flrawn between the finger and 
thumb, a slight roughness is felt, and this is more noticeable 
if we begin at the hind end and draw the animal backwards 
than if we begin with the front end. 'I'he roughness is due 
to small bristles, or sets, situated in the skin, and pro- 
jecting a little above it. The setoe may be more clearly 
seen by the aid of a lens, especially on a freshly-killed 
worm : four double longitudinal rows can be made out, 
arranged on the sides and under surface of the body. 


vent - 15 upper lip 



Fig. 7.— Earthworm. (The numbers refer to the segments.) ( x i.) 


Thus, eight setae, pointing slightly backwards, occur on 
every segment (except the first and last). 

It is interesting to observe the movement of an earth- 
worm. A touch of the finger will probably cause it to 
“contract,” — an action whereby there is no decrease in 
size or volume, but rather a decrease in length with a 
corresponding increase in thickness. . 

The contraction is effected by numerous muscles beneath 
the skin. When a worm proceeds in any direction it fixes 
the front end of its body and draws up the succeeding 
segments. It then fixes these parts and pushes forwards 
the front end by an expansion or elongation — and con- 
sequent decrease in thickne.ss of this region — and thus 
partly pushes, partly drags, its body along. The setae act 
as pivots in this progression, any region of the body being 
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temporarily fixed by pressing the set^ of that region "against 
theyearth, or surface over which the animal is moving. 

Respiration.— When we take in a deep breath, air con- 
taining oxygen is drawn into the lungs, in the w'alls of which 
our blood circulates. Gases such as ojtygen and carbon 
dioxide can pass through a membrane like the wall of the 
lungs by a. process known as osmosis. In this way an 
exchange of gases occurs ; oxygen passes from the air in the 
lungs into the blood, and at the same time carbon dioxide 
passes out from the blood and takes the place of the oxygen. 
Thus impure blood gets rid of its carbon dioxide and 
becomes purified or aerated by acquiring oxygen. By the 
act of expiration, or breathing out, carbon dioxide in the 
lungs escapes from the body. An earthworm, however, has 
no lungs, but its skin- well supplied with minute blood- 
vessels* performs this important function of respiration. 

The process of osmosis cannot continue effectively unless 
the skin be moist, so that a worm would die from suffoca- 
tion if its skin dried up. The earthworm’s skin is kei)t 
moist partly by the damp earth and partly by a fluid 
which is continually oozing out from the body through 
minute pores in the skin, "^rhe pores lie in the little grooves 
dividing the body into segments— a pore in each groove 
along the middle of the dorsal surface. Owing to their 
position they are known as dorsal pores. The fluid ejected 
from the body by these pores is fatal to the myriads of 
microscopic organisms in the soil which would otherwise 
settle and grow upon the earthworm’s body. 

Digestion, Circulation, and Excretion.— Of the 
material which is taken into the worm’s body as food a 
large proportion is never utilized, and this is passed out 
by the vent as fsBces, which take the form of castings. 
The material which is utilized as food must be first dis- 
solved or digested. Digestion takes place in the alimentary 
canal. On holding up to the light a light-coloured worm 
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the alimentary canal •may be seen as a thick dark part 
running the whole length of the body. The digested food 
passes through the wall of the alimentary canal, and is 
circulated to all parts. Moreover, although much of this 
dissolved food is \itilized by the body or assimilated, some 
is got rid of or excreted. 
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(A) 


(B) 

Fig. 8.— Front end of Earthworm. 


(A) Dorsal view. (B) Ventral view. 


In the body of an expanded worm a thin dark-red blood- 
vessel is visible along the dorsal middle line underneath the 
skin. This is the dorsal blood-vessel. A similar vessel — 
the ventral blood-vessel— may be detected on turning over 
an earthworm and examining the ventral surface ; also many 
smaller blood-vessels may be seen. The dorsal and ventral 
blood-vessels have a wavy appearance in a contracted 
worm. 
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Sense of Feeling.— The earthworm not only breathes, 
but also feels, through its skin. It is well-known that some 
parts of our skin are more sensitive than others: a tiny 
grain of sand is felt more keenly if it gets into the eye than 
if it gets under the foot, owing to the fsct that the skin of 
the human foot is not so sensitive as the eye-lid. A similar 
sensitiveness exists over the whole skin of the earthworm, 
and hence it is easy to understand why the animal contracts 
when touched. Moreover, the skin is affected by the day- 
light ; usually the worm remains within its burrow during 
the day and comes out only at night. So that although 
the worm has no eyes and no ears, yet, owing to the 
sensitive nature of its skin, it can distinguish between light 
and darkness, and can even feel such a slight movement of 
the earth as would be produced by a stamping of the foot 
on the ground near it. 

Reproduction. — In a w6ll-grown earthworm not only a 
pair of thick-lipped openings on the under surface of the 
fifteenth segment behind the mouth arc visible, but also two 
very small openings rather nearer together on the under 
surface of the fourteenth segment (Fig. 8). 

T'he earthworm produces eggs which pass out from the 
openings on segment fourteen. Just as the ovum or- egg of 
a plant requires the fertilizing element of the pollen before 
it can develop, so also must the eggs of an earthworm be 
fertilized: this is effected by a substance which passes 
from the pro;ninent apertures on segment fifteen of an 
earthworm, and is stored up in the body of a second indi- 
vidual until the eggs of the latter are ripe. 

Earthworms possess organs for producing both fertilizing 
substance and eggs, but just as in plants the ova are 
generally fertilized by means of the pollen from another 
plant, so also in the worm cross-fertilization occurs. 

When the eggs are about to be laid, the skin in the 
clitellum regioi} actively secretes or produces a fluid which 
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exposure to the air converts into an elastic substance. Thus 
the clitellum region appears to be surrounded by a broad 
elastic ring or cocooil The earthworm next begins to 
wTiggle backwards out of the cocoon, and so the latter is 
pushed nearer anfi nearer towards the mouth. While the 
elastic ring is j)assing over segment fourteen the eggs are 
laid and get beween the cocoon and the earth\\’V>rm’s body. 
While the eggs are being laid, a nutritive fluid and also some 



Fig. 9. — A, F.arthworm, front end, showing cocoon ; B, and C, Cocoons 
of two different kinds of earthworms (x about 4). 

of the stored-up fertilizing substance are squeezed from the 
body and mix with the eggs. The ends of the cocoon close 
up as they pass beyond the mouth. 

In this way the eggs are fertilized, protected by an elastic 
coat, and supplied with some nutriment to serve as food for 
the future young earthworms. 

Development. — Some few of the eggs — probably one 
or two — develop more quickly than the others, and, although 
there is nutrient material present in the cocoon, advance 
their own growth by absorbing other eggs. Thus earth- 
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worms arc guilty of cannibalism on this, the only occasion 
throughout their lives. 

The brown horny cocoons, varying from the size of rape- 
seed to that of a small grain of wheat, are either deposited 
on the surface of the ground or buried inj;he soil. 

Adaptation to Environment.— Having noticed the 
external features of an earthworm, we will consider how 
wonderfully Nature has fitted the animal for its surround- 
ings and peculiar mode of life. 

T'he cylindrical shape of the body, with its muscular body- 
wall and backwardly projecting setae in the moist slimy skin, 
enables the animal to move freely in its burrow without 
serious friction : moreover, the narrower posterior part of 
the body can be dragged through any passage made by the 
thicker anterior end. A thin filmy iridesceiit covering — the 
cuticle —protects the body against injury from the sides of 
the burrow. An earthworm’s fijod consists in part of the 
decaying vegetation present in the earth which it swallows 
in making burrows ; the rest of its food consists of the leaves, 
twigs, etc., of plants obtained at the surface of the soil. 

'rhe sensitive skin keeps the little creature informed of 
movement.s of its enemies above ground, and further guides 
it as to the best time to come to the surface in .search of 
vegetable food, viz. after night-fall. I'he earthworm has 
no legs, eyes, ears or other delicate organs which would 
receive continual injuries in its movements underground. 
Further, the worm, can distinguish, probably by means of 
the sensitive skin near the mouth, what is good for food ; — 
in other words, it has some sense of taste or smell and 
chooses its food ; fat or grease buried in the earth is appar- 
ently much relished 

Intelligence of Earthwonns. — Although earthworms 
are lowly organized animals, the structure of the body 
being comparatively simple, Darwin has shown that they are 
not devoid of intelligence. He noticed that the twigs and 
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leaves ^hich these animals drag into their burrows to serve 
as food are moved in a methodical way; in order to 
minimise the difficulty, an earthworm usually seizes the 
object in a manner most suitable for the attainment of its 
purpose, a, twi^* would be seized by the end, and a leaf 
by the tip. 

Habits.— The lai^est earthworms may groW' to be one 
foot in length, especially in soil where food is rich and 
plentiful. In very hot dry seasons and in frosty weather, 
the animals descend some distance into the ground, coil 
themselves up in a chamber which they excavate, and await 
more suitable conditions. The common habit of stopping 
up the mouth of their burrow with twigs and leaves only 
partly dragged underground subserves two or three useful 
purposes ; the worms’ supply of air is not cut off thereby, 
although many enemies, certain slugs and centipedes, 
are prevented from hunting and preying upon the little 
creatures: further, the earthworms can feed from below on 
the vegetation, and yet remain in safety. 

When feeding at night above ground, an earthworm 
usually has the broad flat hinder end of its body fixed in 
the burrow, so that, when enemies approach, a rapid con- 
traction of the rounded anterior portion into the burrow 
suffices to remove the animal out of danger. 

The mole is perhaps one of the most formidable enemies 
of the earthworm. 

Kinds of Earthworms.— We have already observed 
that the mouth is overhung by a fleshy upper lip. When 
the latter is examined from above it appears to be dove- 
tailed into the first segment behind the mouth— the mouth- 
segment. This condition is found in the earthworm 
distinguished by the name Lumbricus terrestris (Fig. 8). 
There are, however, other kinds of earthworms in this 
country, one of the commonest perhaps, about three inches 
long, and found frequently in dunghills, is the “ brandling ” 
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{Allolobophora fcstidcL), The reason, for assigning* two 
zoological names to each sort of animal will be explained 
later. In a brandling the upper lip 
is not dove-tailed into the mouth- 
segment and the clitellum is nearer 
the mouth (Fig. lo). 

PRACTICAL WORK. 

Dig up some earthworms from the 
soil of a garden or field and notice 
the moist skin ; also the rough lower 
surface of the body due to the pres- 
ence of setae pointing slightly Imck- 
wards in the living animal. Notice 
the colour, the segments, the clitellum 
(absent in young worms), the mouth 
with its upper lip, the mouth-segment, 
and the vent. The burrowing end of 
the worm is the front end. Why is 
this end thicker than the hinder end ? 

Observe the dorsal and ventral 
blood vessels in a light-coloured speci- 
men. Hold the animal up to the light to see the alimentary 
canal. 

Watch the movements of a w\)rm : its contraction and 
expansion. Unfortunately the other structures cannot be 
observed successfully on a living animal. Place a large 
earthworm in methylated spirits for about two minutes. 
Most probably some’ of the contents of the alimentary 
canal will be ejected. Observe that they consist largely of 
earth. 

Count the segments from the mouth to the clitellum, not 
including the upper lip, of a dead earthworm {Lumbricus), 
See that the clitellum extends over segments 32-37. How 
many segments are there in the whole body ? Notice that 
there are no setne on the first and last segments. 

Examine the reproductive openings on segments 14 and 15. 

Note the complete absence of teeth or jaws. 

B.Z. B 
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t’lci. xo.— Brandling— dor- 
sal view of anterior end 
(much enlarged). 



i8 FIRST BOOR OF ZOOLOGY 


Fittd the dorsal pores— they are most easily made out in 
front of the clitelluni. By slightly squeezing the body in 
this region a fluid can be made to ooze out through the 
pores : this fluid helps to keep the skin moist. 

Examine a closely-cut lawn or field where the castings of 
earthworms are toiind. Notice how leaves are freciuently to 
be seen partly dragged into the burrows by the stalk or by 
the tip of the leaf. Thus the worm wards olT enemies 
from above, and can feed and breathe without emerging 
from its burrow. 

Examine some castings : observe that they consist of finely 
divided earth. Weigh two or three. (*ount the number of 
worm-holes in a s(}iiare yard of a field or garden, and 
estimate the weight of soil thus brought to the. surface of 
an acre (4840 square yards) of such land. 

Ascertain whether a living worm is affected by a loud 
noise, a bright light, or by stamping the foot on the ground 
near it. 

Make a drawing of an earthworm from above, from the 
side, and from below, naming all the structures you obsejrve. 
'I’he drawings should be diagrammatic. (See Figs. .7, 8, y.) 

'Fry to obtain an earthworm just wriggling out of its 
cocoon ; — also the cocoons, which are sometimes deposited 
on the ground. 

Peel off the filmy iride.scent cuticle from a worm which 
has been left for a day or two in methylated spirits. 

Obtain a brandling. Note how it differs in structure 
from an earthworm with regard to: (1) upper lip, (2) 
position of clitelluni. Draw from above. 


EXERCISES. 

1 . Describe the exterujil characters of the earthworm. How 
does a worm feel, move, and breathe ? 

2 . Define mouth-segment, seta?, clitelluni, ventral, segmented 
animal, posterior. 

3 . Give an account of the h:ibits of earthworms. How are 
earthworms adapted for the kind of life they. lead 
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THE (GARDEN SNAIL 

Where fotuid.— Garden snails may usually be found 
by examining the backs of leaves on any large plants in 
a garden during the summer, or by searching in the holes 
and crcvic(;s of a garden wall. These animals are not 



Kig. II.— Shell of (harden .Snail— Iwo views. (X;'.) 


usually in evidence during the day, but prefer to hide in 
some dark place, — e^i'. in a crevice or behind a large leaf. 
On a wet day, however, or after nightfall, they emerge 
and wander about actively in search of food, their depreda- 
tions being attended with destruction to the leaves of 
vegetables and other plants ; hence the gardener does not 
welcome garden snails as friends. 

Shell.— The snail is provided with a brownish or yellowish 
shell twisted in the form of a spiral with four and a half 
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turns,., and having upon it parallel black markings which 
begin near the apex and follow the course of the spiral. 
The shell is composed of calcium carbonate, and hence 
would be readily dissolved by most acids : it is placed 
obliquely on th^ animal’s back, with the apex situated on 
the right side of the body. 

Appearance. — The surface of the yellowish-green body 
is raised into a number of small rounded elevations. The 
whole body can be withdrawn into the shell, which thus 
acts as a protection. During movement, however, the soft 

fleshy lower part of the 

large tentaeU Partly extended 

from the large wide open- 
amaU tentaele. of the shell, thereby 
exhibiting a head in front 
— bearing two pairs of 
feelers or tentacles — and 
a long flattened foot 
underneath, the latter 
Fig. ,2.-Siiaii mst^emcrging from its shell, tapering away and ending 

' bluntly a short distance 

behind and below the shell. No neck separates the head 
from the rest of the body. 

Of the tentacles the longer pair is above and rather 
behind the shorter pair. The two longer tentacles have 
eyes and are hence called the “eye-tentacles.” 

Snails, when full-grown, measure about two inches. The 
mouth is a small crescentic opening at the anterior end, 
bounded above and on the sides by a conspicuous lip, 
which covers a semi-circular jaw : beneath the mouth there 
is an inferior lip, and behind this a rasping tongue — the 
odontophore — moved by powerful muscles ; leaves are 
scraped away in visible pieces by the snail when feeding. 
The lips aid the tongue by gripping and enclosing the . food. 
To observe their structure, feeding, and movement, snails 
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Fig. 12. —Snail just emerging from its shell. 

(x3.) 


THE GARDEN SNAIL 


should be kept under a bell-jar and supplied daily with 
fresh damp vegetation. 

Movement. — I'he foot of a snail is composed to a great 
extent of muscles, by the exertion of which the animal pro- 
gresses. During movement a slimy fluid isPcontinually being 
poured out from an opening — the slime gland opening — 
at the front end of the foot beneath the mouth. If a snail, 
while travelling uj)on a sheet of glass, be examined from 
below, transverse black markings will be observed alternately 
appearing and disappearing on the ventral surface of 
the muscular foot, evidently 
due to changes going on 
in this organ during loco- 
motion. No doubt the slimy 
fluid enables the creature to 
crawl or slide along more 
easily. As a consequence 
of this mode of progression 
it will be readily understood 
that the snail prefers a sur- 
face like that of a leaf — 
which can easily be made 
slippery for travelling over 
— rather than a pathway covered with fine ashes — which 
would tax its powers of locomotion to the utmost. A 
remarkable thing is that a snail cannot change its speed, 
but always moves at the same rate, nor can it move back- 
wards. When enemies approach, the snail stops moving 
onwards and retracts into its shell. 

We should, perhaps, expect that the slime poured out 
during locomotion would cause the animal to slip backwards 
when attempting to travel up a wall or the side of a bell-jar, 
but this is not the case. On the contrary, the slime acts 
like glue on the under surface of the foot. This sticky 
fluid soon sets hard and has a glistening appearance, by which 
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an observer can see .the track which a snail has recently 
traversed. 

The muscular exertion combined with the slow rate of 
progress lead us to the view that the snail's movement is 
laborious : that k is very powerful also for such a small 
animal is proved by the weight the creature is able to drag 
along. Experiments on garden snails have shown them 
capable of dragging a load nine times their own weight up a 
vertical surface, or of pulling a load fifty times their weight 
along a flat horizontal surface. 

Respiration. — In the fully ex[)andcd snail there is a 
thick soft frill to the body — visible round the mouth of 
the .shell — known as the collar. Inside the shell and con- 
tinuous with the collar, a thin sheet of skin — the mantle — 
a(!ts as a sort of cloak, covers the upper part of the body, 
and is separated from the? latter by a space (xmtaining 
air. 'Fhis .s{mce is called the respiratory chamber or lung. 

AVhen the shell of a snail is carefully removed, the mantle 
appears as a thin roof traversed by numerous small blood- 
ves.sels — in fact, the respiratory chamber acts like our own 
lungs. Air is continually taken into, and later expelled from, 
this chamber through a pulmonary or respiratory opiming 
situated on the right side of the body in the region of the 
collar. Just as in our own breathing, oxygen from the air in 
the lungs passes into the blood, .so in the snail oxygen from 
the air in the respiratory chamber passes through the mantle- 
walls into the blood contained in the numerous blood-vessels. 
At the same time carbon dioxide passes from the blood 
into the lung, and is expelled from the body through the 
pulmonary opening. 

Behind the lung the rest of the body— comprising mainly the 
organs of digestion, excretion, circulation, and reproduction — 
fills the apex of the spiral shell and receives the name visceral 
hump. 'Fhe vent, situated on the collar^ is visible to the 
right of, but not so conspicuous as, the pulmonary aperture. 
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Sight, Smell, and Feeling. — Each of the longer, some- 
what posterior tentficles carries a single eye provided with 
a spherical transparent lens in front for focussing light upon 
the black sensitive region behind. The lenses of c/ur own 
eyes are not spherical, otherwise we should* be short-sighted 
like the snail. 

Every one has noticed that when touched, a snail retracts 
its tentacles into the body. Fig. 14 shows how this is 
effected. 'I'he tentat^les are like the hollow fingers of a 
glove, with the (wes at th(^ finger tips. Withdrawing the 
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Fig. 14,'- Diagrams of llie eye-teiil.'icle of Snail. 

(A) (B) retracted condition. 

tentacles is done by muscles which pull the tips into the 
hollow tentat'lt?, and so the latter be(X)mes inverted, 'fhe 
result is that when the tentacle is again expanded the 
delicate little eye is the last part to bt; disclosed or un- 
covered: such an arrangement is obviously for the greater 
protection of the eye. 

From the structure of the eye-tentacles and the manner in 
which a snail moves them about wdien ap|)arently “smell- 
ing” food quite out of sight, we may infer that the little 
creature has a keen sense of smell j furthermore it appears 
that its olfactory organ or “nose” is located in the eye- 
tentacles. 
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The shorter anterior tentacles bear no eyes : they seem 
to be employed as feelers only. 

Reproduction. — Cross-fertilization occurs among snails 
just as among earthworms. T'he eggs, which vary in 
number from 40 to 100, each being protected by a cal- 
careous shell, leave the body by the genital pore, — an 
opening situated on the right side, upon a lighter patch 
of skin behind the head (Fig. 15). The snail makes a small 
hole in the earth, deposits the eggs, and then covers them 
over with soil. 


tyt Untojde 
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F'ig. 75.— Snail—side view, (xi.) 
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Development. — Observations upon the growth of the 
garden snail, or rather of its shell, are indeed remarkable. 
'These animals do not grow apparently in winter time, and 
only at other times while buried head downwards in the 
earth. Until fully-grown they repeatedly bury themselves 
in this manner every few weeks, and thus continue to grow 
rapidly, by stages, until they become adult. 

Habits and Intelligence. — it is perhaps not well known 
that the- garden snail has a sort of home or hiding place, to 
which it regularly resorts at day-break after its nightly 
excursion in search of food. Much intelligence is displayed 
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by the animal in reaching any food which it especially likes, 
careful observations showing that a snail will travel com- 
paratively long distances nightly to some favourite plant. 
Most probably the little creature* is guided in these return 
visits by the track of slime. Experiment tend to prove 
that snails have a keen sense of smell, and hence may strictly 
be said to hunt for their food. 

In winter these animals may he found hibernating under 
logs of wood, stones, or on the back of large leaves. During 
this period they remain completely retracted inside their 
shell, having covered the mouth of the latter with a thin 
partition of slime, which sets hard and thus guards the 
opening. Respiration at such times is always entirely 
suspended, though a hole is left in the slimy partition for 
the access of air. 

• Adaptation to Environment. — 'rhe snail moves slow!}', 
and is no doubt impeded by the shell it carries. Fortunately 
for this creature there is no need to move away when 
enemies threaten, since retraction of the soft body into the 
shell leaves nothing but a hard cover (the calcareous shell) 
exposed to the foe's attack, the opening of the shell being 
underneath and thus hidden from view. It is quite interest- 
ing to watch a snail withdraw into its armour. The delicate 
parts, e.x'. tentacles, lips, and eyes, are covered in by the 
muscular foot and fleshy collar; nevertheless, air can still 
pass in by the respiratory pore even when the animal is fully 
retracted. The snail is not endowed with excellent eye- 
sight, as are many animals which search for food at night ; 
nevertheless, its keen sense of smell is a compensation. 
T'he calcareous shell would not offer much resistance to the 
attacks of large animals, but its colouring, blending as it 
does so well with a sombre background and hence rendering 
the shell difficult of detection, has undoubtedly a protective 
value. Thus we find that snails living on chalk downs 
often have a whitish shell. In cold weather, w’hen vegetation 
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is aslet’p and food is {?carce, the snail suspends activity until 
spring returns. 

Variation. — The collector who pays attention to the 
markings on the shells of garden snails will not fail to 
observe 'that slight differences often occur. '^Fhcse are known 
as variations. W’e are all able to recognize differences in 
appearance, size, etc., among our friends and among 
strangers. Differences in human beings are often very 
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Fu;. i6. - Roman Snails. (X^.) 

marked in people from widely separated regions of the 
world. Thus, the characteristic features of a ("hinaman are 
readily distinguishable from the peculiar type of features 
of the European. Similarly, variations occur among lower 
animals, and in particular among garden snails. We find, 
for example, that around Bristol the shells are dark coloured, 
but brown with black markings in the neighbourhood of 
Weston, and j)ale and much mottled near Bath. As a 
general rule, snails are. dwarfed when found living near the 
sea or in mountainous regions. 


THE GARDEN SNAIL 


Kinds of Snails. — The zoological name for the garden 
snail is Helix aspersa. 'I’his well-known kind has many 
close relations including the Roman snail {Helix pofnatia\ 
which is larger and has not so da»k a shell \ again, the field- 
snail {Helix nemoralis\ is smaller with a reddish-brown 
line along the shell spiral. A less common garden snail 
{Helix horiensis) has a number of such lines running 
parallel to one another, 'fhe Roman snail is found on the 
continent and on the chalk downs of Kent and Surrey : this 



Fig. 17. ■ Shell of Field-snail Fit;. 18.— Trumpet-shell 

{Helix ne morn lie), (x^) {l*lauorbis comeus). (Xa.) 


kind is used for eating, and was probably first introduced 
into England by the Romans for this purpose. The garden 
snail as an article of food is not unknown in this country 
even at the present day. 

1'he above kinds are all land snails. There arc, however, 
two common forms which live in water, only coming 
occasionally to the surface to breathe. l'he.se are the pond- 
snail {Limmea std^^nalis), with an acute pointed shell, and the 
trumpet-shell {Planorbis corneus\ having a brown flat spiral 
shell ; both kinds may be found in ponds and fresh-water 
streams. 

These two forms have one pair of tentacles only, with 
eyes situated at the base. 'I'he eggs are laid in a mass of 
jelly, as spawn, which is attached to water-weeds and other 
objects. The spawn of the pond-snail has an elongated 
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sausage-shaped appearance, while that of the trumpet-shell 
is oval and of smaller size. 



Fit;, ig.— Poiid-snail {Littnuta ( X i) and Spawn. 

Slugs. — Although slugs are very similar in structure to 
snails, they present a different appearance, having apparently 
no shell. In England two common kinds are found, —.a 
small grey field-slug {Umax agresti5\ and a much larger 
black slug (Arion ater). There is no shell in the latter and 
only a small shell, completely enclosed within the body, in 

, - / 



Fk;. 30 .— lilack Slug (x?.) 

the former. As regards the tentaples, mouth, genital pore, 
foot, and internal structure, slugs resemble snails, but the 
respiratory chamber or lung is small, and bounded by skin 
of rather different texture from the rest. The respiration of 
a slug may be readily observed — the pulmonary opening 
continually enlarging and narrowing. 

Slugs appear to prefer vegetable food — fruit especially — 
although they will eat the flesh of almost any animal, 
whether living, freshly-killed, or decaying : they will even 



THE GARDEN SNAIL 


29 


follow earthworms into their burrows ip order to preyupon 
them. Slugs lay a large number of eggs. 

These animals remain active until late autumn; snails 
hibernate earlier than slugs, since cold weather affects them 
more readily. • 


PRACTICAL WORK. 

Collect some garden snails and slugs : place them upon 
large moist leaves inside a belLjar, and keep them under 
observation. 

Invert another bell-jar and put into it pond-water contain- 
ing water-plants and water-snails. 

Observe the movement and method of feeding of both 
land- and water-snails. The movement of a garden snail 
can be best observed by placing the animal on a sheet of 
glass and looking up at the foot from beneath. Pond-snails 
often move on the surface of the water with shell downwards. 

Note the effect of touching a fully expanded snail or slug. 

Watch a slug breathing— the pulmonary opening is con- 
tinually enlarging and diminishing. 

Draw a garden snail exjianded and contracted, naming 
the parts. Also draw an empty shell. 

Test the power of smell of a land snail by placing fruit 
near it. Note the movement of its eye-tentacles. 

Snails in the garden may be marked with whitewash and 
their whereabouts determined from day to day. Observe 
their homing instinct. 

Examine a snail withdrawn into its shell for the winter : 
notice the thin membrane secreted over the mouth of the 
shell, with an opening left for breathing. 

Draw the shells of a pond-snail and a trumpet-shell. 
Find specimens of the slugs mentioned above and draw 
them : write a description of each in your own words. 

After keeping the pond-snails and trumpet-shells for 
some days you will most likely find the spawn of these 
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aniniills. Notice the,difereiice in shape. Watch the spawn 
daily until the snails hatch. 

Collect the dilTerent kinds of empty snail-shells you can 
find when out for country walks. You will probbly be able 
to get varieties ^f the shell of the garden snail. 


1. iiow is a snail adapted to its environment ? 

2. Describe the resemblances and differences which you 
have observed between a black slug and a garden snail. 

3. What are the habits of a garden snail? Compare a snail 
and an earthworm, with respect to (&] structure, {J}] habits. 



CHAPTER IV. 


THE HOUSE-FLY. 


Where found.— 'I’he common house-fly is, during ihe 
.summer months, |}erhu|)s the most troublesome pest in our 
dwellings, and we are often compelled to set traps for it in 
the form of papers smeared over with a sticky substance 
like truicle, which , attracts and also disables the fly. It is, 
however, not difficult to catch 
a specimen --for the purpose 
of e.\amination — by drawing 
the open hand quickly over a 
flat surface upon which a fly 
is walking, and at the .same 
time closing the hand. 



Appearaiice.-The general 
structure can be made out by 
the aid of a magnifying glass 
or watchmaker’s lens. The 


Fic. 21.— House-fly (dorsal view). 
The line indicate.s the natural length. 


house-fly is almost black in front and yellowish-brown 
behind. Three distinct regions,— viz. head, thorax, and 
abdomen,— can be observed • On the < sides of the head 
are the two large dark-red eyes; behind the head a con- 
striction— the neck— divides the front region of the body 
from the middle region or thorax, on which are borne the 
three (lairs of legs and a single pair of wings. 

Segmentation.— The thorax consists of three portions 
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which succeed one another like the segments of an earth- 
worm. This region of the body is black, and so is readily 
distinguished from the hinder- or posterior abdomen, which 
is lighter in colour, as mentioned above, and also appears to 
consist of six dif/isions or segments, with an opening — the 
vent — on the last. The house-fly is therefore a segmented 
animal, though the segments are not so distiivjt as they are 
in the earthworm. 

Movement. — The two wings are broad, thin, transparent 
membranes, upon which are ridges running from the body to 

the wing-tips. 'Fhe ridges — 
called nervures — appear to 
interlace occasionally ; they se- 
{>arate the transparent regions 
of the wing from one another 
just as the wood separates 
panes of glass in a window, 
although the nervures are not 
so regularly arranged. The 
wings are inserted laterally 
into the middle segment of 
the thorax, and are moved 
up and down at a great rate by powerful muscles, and thus 

produce flight. 

Immediately behind, and partly, concealed by the wings — 
projecting from the last segment of the thorax— are 

two small structures like drumsticks. These balancers or 
balteres, which look like small pins stuck into the body, 
one on each side of the thorax, are said to act as balancing 
organs during flight. In bees, butterflies, and other animals 
closely related to the house-fly a second pair of wings is 
present instead of these halteres. When a fly settles upon 
any solid object, walking is effected by three pairs of legs. 
Each leg is divided into seven regions with joints interposed. 
Of these regions the two proximal — ue, the two nearer the 
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body — are long, the distal five — ue, the five further away 
from the body— -are short. Each leg ends in two small 
claws, a bristle, and also two minute adhesive cushions or 
pulvilli. The latter enable a fiy to walk on the ceiling 
upside down. 



Fio. 33. — House-fly (side view). Showing the legs on the left side only. 

Respiration. — 'I'he yellowish abdomen does not bear 
legs : it ends bluntly behind. 'I'here are certain openings — 
the stigmata — situated on the right and left sides of each 
segment, and through these air passes into the body and 
conies into close relation with the tissues of the fly by means 
of minute finely branching tubes called trachess. Thus 
respiration is effected by the jiassage of pure air into, and 
impure air out of the body through the stigmata. 

Sight, Feeling, Feeding. — The eyes of a fly are too 
small for examination without a microscope. "Fheir rounded 
appearance and position on the head enable the creature 
to see practically in every direction without moving its 
head. Between the eyes two whitish patches leading 
towards the mouth border a median dark forehead. Two 
feathery feelers or antennse are situated in this region. 
They are larger and longer than the many bristles (of 
varying size) which occur over all parts of the body and 

B.Z. . . c 
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legs. 'The mouth is not distinguishable, although a long 
proboscis, ending in a flat blunt cushion, can be observed 
hanging apjiarently from the mouth. T'his proboscis is a 
tube-like structure really ending in two small suckers (which 
appear as the cushion above mentioned). Food is sucked 
up into the mouth by this organ, the nature of the food 
of different flies having a close relation to the nature of 
the proboscis, as an examination of other kinds of flies 
will prove. 

Habits. — We may be thankful that our common English 
house-fly never bites ; the horse-fly — a species common 

in Europe — causes 
much annoyance, es- 
pecially to horses, by 
piercing the flesh and 
sucking blood from 
the wound. For this 
I)urpose the proboscis 
of a horse-fly differs 

Fig. 24.- Tsetse-fly. from that of a llOUSC- 

fly, and is adapted for piercing and sucking. Another fly — 
the stable-fly — is rather like our common house-fly in appear 
ance, but differs in having biting mouth-parts : the existence 
of this insect has probably given rise to the erroneous view 
that house-flies are able to bite at certain seasons of the year. 

A close relative of the house-fly — the tsetse-fly, found 
in South Africa — is even more harmful. Its custom of biting 
horses and cattle and sucking their blood would not be 
so serious were it not for the fact that many of the animals 
bitten are suffering from the “Nagana” or fly-disease. 
Tsetse-flies, which have sucked the blood of a diseased 
animal, infect any healthy animals which they may after- 
wards bite, and in . this way they spread a disease which 
causes the death of many cattle and horses. 

The house-fly lives on food of all kinds : we find it 
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settling upon our food, whether vegetable or anknal. 
Like ourselves, it enjoys an unrestricted diet, and for this 
reason is called an omnivorous animal. Hence the house- 
fly rids us of much that would putrefy and cause disease ; 
therefore, as a scavenger, it is probably a blessing in disguise. 
At present, we are not sure how far the animal emulates 
its South African relative, the tsetse-fly, in carrying and 
spreading disease. 

Flies have many enemies which kill and feed upon them ; 
we all know how the little animals which readily escape us 
are cunningly trapped by becoming entangled in the wily 
spider's web. Of course, if the fly had no enemies it w'ould 
increase in numbers so rapidly as to be a serious menace 
to our food supply. Perhaps you have seen dead flies 
apparently stuck fast in the crevices of walls or in the 
corners of window panes, covered over with a “fluffy 
down ” rather like the greenish mould on very stale bread. 
'Phis covering is really a plant called “fly-mould,” the fly 
having succumbed to the growth of this plant. The 
mould develops from minute particles called spores, which 
are blown about, settle on the fly's body, grow, and, at the 
same time, send small roots into the tissues of the creature, 
thereby rendering the fly too weak to get food. Such an 
enemy of the house-fly is called a parasite, since it gets 
food at the fly's expense. Moreover, the fly supplies the 
food, and is called the host — though the parasite is far from 
being a welcome guest. 

Reproduction and Development.— House-flies are 
very numerous in warm weather ; the reason will be clear 
when something is said about the breeding or reproduction. 
A fly will lay perhaps 150 very small eggs upon some dung 
or other moist soft refuse. In a day or two these eggs hatch 
out ; they are known as grubs or maggots ; these minute 
young creatures are without limbs, and they devour the 
refuse upon which the eggs were laid. In five or six days 
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the maggots have grown to their full size, and form motion- 
less pupsB, The latter remain without food for a week, after 
which the perfect full-grown flies, provided with wings, etc., 
emerge. These are the ilina^os, or adult flies common in 
our houses, byt also to be found far from any human 
. habitation. At the ap])roach of winter the developing flies 
remain as pupaj throughout the cold weather, and delay 
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Fig. 35.— T.ire-ln.story of House-fly (after Gordon Hewitt). (The various 
stages are much enlarged.) 


their transformation into imagos until the spring. Flies 
never grow after reaching the adult condition — difference in 
size among flies indicates different kinds or species. 

Metamorphosis. — 'Fhe eggs of a fly hatch out as little 
grubs which are totally unlike the parents. The grubs or 
maggots feed and move about in a different way from 
the adults, and a complete change of structure must take 
place before the adult condition is reached. An animal, 
in the development or life-history of which such changes 
take place, is said to undergo a metamorphosis. The 
immature young animals before metamorphosis are knowm 
as laxvse. 
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Hermaphrodite and Dioecious —Both the earthworm 
and snail differ from the house-fly in one important respect, 
since all the animals of one species arc alike in possessing 
organs for producing both eggs and the fertilizing substance 
which stimulates eggs to develop. Hence^ the earthworm 
and snail are hermaphrodite animals. A house-fly, on the 
other hand, is able either to produce eggs only — in which 
case it is a female ; or fertilizing substance only — in which 
case it is a male. Although belonging to the same kind or 
species of fly, the males arc further distinguished from the 
females by slight differences in the appearance of the head. 
Since flies are divisible into sexes — male and female — they 
are said to be dioBcious. 

Adaptation to Environment.— I'he house-fly is a 
scavenger, feeding on all sorts of food, with many enemies 
to avoid, and, being unprovided with any effective weapons 
of offence and defence, it has to find safety in rapid 
movement. Hence the wings for flight, the halteres for 
greater precision in this method of locomotion, the powerful 
eyes so placed on the head as to give a wide range of vision, 
and the jointed legs and wonderful structure of the feet 
enabling a fly to settle and walk upon or beneath almost 
any surface, whether rough, smooth, vertical, or inverted, in 
search of food. The head is readily movable, the short 
neck being counterbalanced by a proboscis long enough 
to be lowered to tlie food ; thus, bending the head, which 
would result in a more limited field of vision, is obviated. 

The antennae are for feeling and probably for hearing also. 
Lastly, the large number of eggs laid, in dung or other food 
suitable for the maggots, and the rapidity with which the 
latter develop, are all contrivances by which nature ensures 
the preservation of a si)ecies in the face of numerous enemies. 

Insects. — The house-fly is a segmented animal like the 
earthworm, but unlike both earthworm and snail it is 
dioecious. The animal belongs to the large class of insects. 
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Insects are distinguished by the possession of a distinct 
neck, a single pair of antenna, always three pairs of jointed 
legs on the thorax, and usually two pairs of wings (though 

flies have but one pair). 
Breathing is effected by 
means of tracheae. As a 
rule insects undergo a 
metamorphosis in the de- 
velopment. 

Kinds of Flies.— Flies, 
F,,;. of Daddy-Umg-Iegs. mosquitf^es, daddy- 

long-legs, etc., are insects 
with only one pair of wings, — they belong to a group culled 
Diptera (two-winged). Di/Terent species are classified iijxai 
the arrangement of the nervures, the position of the eyes, 
the nature of the antennae, etc. For example, we have 


Fig. 27.— (A) Dadcly-long'legs, female; (B) Gnat, male insect (enlarged). 

noticed how tlie nervures are arranged in the house-fly ; in 
the daddy-long-legs, they appear as indicated in Fig. 26. 

The house-fly (Musca domestica) and blue-bottle or 
blow-fly (Musca vomitoria) are almost alike in the nervures 
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of the wing, but differ in size and. colour; both 'have 
moderately long antennae with feathered bristle (as shown in 
23). The tsetsc-fly (Glossina morsitans) has short 
antennae, whilst the gnat has wonderfully long plume-like 
antennae, especially the male (Fig. 27). • 

PRACTICAL WORK. 

Put some house-flies in a bottle containing a lump of 
sugar, also place one or two flics on a sheet of white paper 
under a watch glass for examination. 

Notice the colouration, the head with proboscis and 
eyes, the thorax consisting of three segments, with the wings 
and legs attached, and the abdomen with six segments 
visible. 

. Make a drawing of a fly to show these structures. 

Watch a fly feeding and moving, 

W^ith the aid of a lens you will be able to examine a leg, 
proboscis, balancer, antenna, and a wing with its nervures. 
Draw each structure se[)arately. 

Observe that as the cold weather approaches few flies 
arc to be found, and those are listless and inactive. 

Search in the corners of windows for dead flics with a 
fluffy coat. 'Fhese have been destroyed by a plant known 
as “ fly-mould.” Flies may be observed settling and feeding 
upon all kinds of food — meat, sugar, butter, jam, vegetables 
— they have an omnivorous diet. 

Try to secure the large blue-bottle, noting difference in 
size and colour between it and the house-fly. 

Catch some gnats (found in great numbers under trees on 
close hot summer evenings) and daddy-long-legs (which are 
numerous in meadows in the summer time). 

Examine and draw the beautiful plumed antennas of the 
gnat. Note the long, slender legs of a daddy-long-legs for 
rapid progression among blades of grass. Dra\r the wing of 
the latter, showing the arrg.ngement of the nervures. 
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EXERCISEK 

1, GivetbeliMislorfiKtkcoininimlioiise-Bf, 

I 

2. How is a ly adapted lo its emitoHeot and mode of K i 

K \VliatisiiiQDtl)y''mi!tamoiphosis’? Cm Ibe names of 
any animals yon bw whicb undeyjp) a melamorpliosia 

I 

I £]iplain tbe terms klteres, antennx, prolioscisi parasites, 
dioteious female, 



CHAPTER V. 


COCKROACHES, BEETLES, AND SPIDERS 

Having studied the house-fly, we will pass on to consider 
some of its near as well as its more distant relations. 

The Cockroach.— The familiar “black beetle” often 
found in kitchens, bake-houses, and grain warehouses is 
urifortunate in its popular name ; first, because it is brown 
above and yellowish below, and secondly, because it is a 
cockroach and not a beetle. This nocturnal animal is 
almost omnivorous in its diet. It is a good e.vample of a 
typical insect, and owing to its large size is convenient for 
examination. 

The body consists of three distinct regions, viz. a head 
bearing two antenna) and two kidney shaped eyes, a thorax 
with two pairs of wings and three pairs of jointed legs, and 
an abdomen bearing no legs but having posteriorly two many- 
jointed styles or cerci, one on each side of the vent. Three 
segments comprise the thorax and ten the abdomen, 
although the seventh somewhat obscures those succeeding 
it. The cockroach resembles an earthworm not only in 
being segmented, but also in the possession of a thin cuticle 
composed of the same brown homy material chitin, but 
this investment is especially thickened on the head, certain 
parts of the thorax, and on the anterior pair of wings. 

The anterior pair of wings, attached to the second thoracic 
segment, are thick, brown, and not of much use for flying. 
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'Fhey are called elytra or wing-covers, the thin transparent 
membranous posterior wings attached to the segment behind 
being folded up like fans beneath the elytra when the cock- 
roach is not flying. In the female of the common species 



B c 

Fig. 28. — Cockroach (A) Male (dorsal view) ; (B) Female (dorsal view) ; 
(C) Male (ventral view). Nat. size. 


the elytra are much reduced and the hind wings are absent 
altogether (Fig. 28). 

If a cockroach be placed in methylated spirits for a 
couple of minutes so as kill it, the structures about the 
mouth— the mouth-parts— can be examined and separated 
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with the aid of a lens and two needles. In front oY and 
below the eyes is the upper lip or labrum. 'This covers 
two stout jaws or mandibles which work against one another 
and are lateral in position, not dorsal and ventral like the 
jaws of a dog or cat ; the inner edge of cacR mandible bears 
small tooth-like projections. Behind the mandibles are 
two structures called the first maxillae, having the jointed 




incundiJble 
(from rxjght side) 





second rn^uxillae (both sUles) 
fused to form laJbium 


rii:. 29.-- Mouth-parts of Cockroach (much enlarged). 


parts shown in the diagram (Fig. 29). Each maxilla i)ossesses 
a palp, most likely used by the insect when feeding. T'he 
next i^air of structures, or second maxillae, are joined together 
to form a sort of low^er lip called the labium. A three- 
jointed palp is present on each side, 'fhe head bears two 
long slender antennae or feelers. 

The legs consist of jointed pieces, the proximal parts 
longer and stouter than the short distal parts; each legends 
in a pulvillus armed with a [mr of claws. 
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The abdomen is alternately expanded and contracted 



FiCn ja— ^ide view of Cockroach. The legs are shown on the Jeft side onl)'. 


during respiration ; by these movements inhalation and 
exhalation of air takes place through certain openings — the 



under wing 


Fit;. 31.— Cockroach (A) outer or fore-wing ; (B) under or hind*wing ; 
(C) walking leg (enlarged). 


stigmata — two of which are visible on the thorax and eight 
on the abdomen on each side of .the body. 
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The eggs, about sixteen together, are enclosed in homy 
capsules. The young cockroach is smaller than the adult 
and has no wings, but otherwise resembles the parent. 
From the time of hatching to the mature condition the 
insect grows by casting off its outer chitinous cuticle no 
fewer than seven times. When the old cuticle is cast 



Fig. 32.— Mouthoparts of a Beetle (much enlarged). 


off or “ moulted,” a new soft coat is disclosed : this stretches 
as the animal grows in size, but soon sets firm and non-elastic 
through exposure to the air and thus becomes the new cuticle. 

We may regard the development as an example of 
mcomplete metamorplLOS^s since there is no period in the 
development when the larva is a quiescent pupa. 

Beetles. — ^The popular term “ beetle ” is often misapplied. 
Beetles are insects with the two membranous hind-wings 
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completely folded up^ when not in flight, beneath two homy 
fore-wings or elytra. When a beetle flies the elytra are 
spread out, but not apparently used. The firm cuticle 
gives to beetles a very definite outline and renders their 
identification co^uparatively easy. 

'J Vo eyes and a pair of antennae are present on the 
moderately large head. Beetles live mainly upon other 
insects, and are therefore carnivorous. In consequence, 



Fks. 33.— Great Water- Beetle. T^rva (on left). Adult male (on right). 


they are provided with mouth-parts adapted for biting and 
chewing — very similar to those which have been described 
for the cockroach. 

Among the commonest beetles are : 

(1) Violet ground-beetle ^ — sometimes found in houses. 
This insect, often called the “black clock,” is nocturnal, 
living on cockroaches and crickets. 

(2) Great water-beetle ^ — ^a voracious flesh-eater living in 
ponds and attacking worms, insects, tadpoles, newts, and 
even small fishes. 
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(3) Cockchafers m&.y 
be observed in May 
and June flying about 
at dusk : they are 
apt to fly clumsily up 
against any one out 
cycling or driving. 
'Fhese creatures are 
brown, with a hairy 
thorax and fan-like 
antennal. 

(4) Lady -birds arc 
j)()pular little beetles 
with black spots on a 
strongly-arched body. 
Ttiey show a remark- 
able range of colour 



A ^ B 


Fig. 3S---(A) 
spot Lady 


Two-spot Lady-bird ; (B).Se>^n- 
■bird ; (C) Cockchafer (maleX 


Photo by Flatten, MUlionie ft M'Kechuie, l.td 
Kui. 34.- 'Antenna of Cockchafer (female), (x X2.) 

variation in the diflerent kinds. 
These useful friends to farmers and 
horticulturists feed on 
. plant-lictr. One of the 
commonest species is the 
^ seven-spot lady-bird with 

seven black spots on the 
red wing-covers. 

i ^ Spiders.— These ani- 
L \ mals have four pairs of 
« legs and no neck, antennae 
I or wings : hence they are 

1 not insects. The com- 

I mon garden-spider spins 

. -.VO a wheel-shaped web be- 

1 ;(B) .Seven- ^,,1 1 

er (maleX twccn the Smaller branches 
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of trees or in the crevices of walls. This familiar creature 
has the head and thorax fused into one region and separated 
from the bulging unsegmented abdomen by a narrow waist. 
There is a white cross^haped marking on the upper or 
dorsal side oij. the abdomen : otherwise the body is of a 
greyish or brownish colour. 

'Fhe jointed legs are long and well able to support the 
body: they bear bristles and two or three grasping claws 
at the end. In front of the legs are two pedipalpi : these 
are shorter than, but otherwise resemble in appearance, the 
first pair of walking legs. Anterior to the pedipalpi there is 
a pair of two-jointed chelicerse, which are used for seizing 
the prey. In their mode of action the chelicerae resemble 
a pocket-knife, since they consist of two jointed pieces, of 
which the proximal portion represents the haft, and against 
this the distal portion, at the tip of which a poison-g^ind 
opens, can be received like the blade of a knife into the 
haft. 

The mouth of a spider is very small ; the animal feeds by 
sucking the juices of its prey. There are eight small eyes 
present on the head. Perhaps the spider's most interesting 
structures are its spinnerets : in the garden-spider these 
appear as four large and two small elevations at the hinder 
end of the body. At the summits of these little knobs are 
borne a great many minute openings through which the 
silken threads used in making the web, etc., are spun out. 
House-spiders make webs — familiarly known as “ cob-webs " 
— and at one end attach a horizontal tubular den in which 
they hide. 

The young spiders hatched from the eggs undergo no 
metamorphosis, the young resembling the adult except in 
size. 

Adaptation to Environment.— Cockroaiches and 
beetles have many of the structures which flies p ossess, and 
which enable them to escape from enemies, wings and legs. 
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The powerful mandibles, too, provide them with a means of 



defence and attack against any enemies which they are likely 
to encounter during their nocturnal wanderings. Spiders 

B.Z. D 
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can move quickly by means of their long legs. The poison 
glands enable them to kill or wound seriously many other 
animals. Some spiders construct a den which has a pro- 
tective value. 'I'he familiar custom of descending a rapidly- 
spun thread ^is often resorted to when other escape is 
impossible. 

PRACTICAL WORK. 

Dnaw a living cockroach (or one killed by immersion for 
a short time in methylated spirits) from above, below, and 
from the side, showing clearly the head with its antennae 
and eyes, the three regions of the thorax with the jointed legs 
and the two pairs of wings (in the male). Also the seg- 
mented abdomen with the cerci. 

Remove a leg from a dead cockroach and make an 
enlarged drawing with the aid of a lens. 

Carefully remove from beneath the labrum the mouth- 
parts (viz. the two brown, toothed mandibles, the first 
maxillae with palps and the fused second maxilla? or labium 
with palps) (see Fig. 29 ). 

Note the ten pairs of stigmata on the sides of the body : 
in a living cockroach observe the alternate dilatation and 
contraction of these apertures. 

Detach a fore-wing and a hind-wing. Observe and dniw 
the arrangement of the nervures. The latter run in lines 
and do not form a network. 

Examine and draw a lady-bird, a cockchafer, and a water- 
bcetle. 

Observe the web of a spider, the appearance of this 
carnivorous animal, and its jointed limbs. Note the main 
points of difference between an insect and a spider. 

EXERCISES. 

1. Describe the mouth-parts of a cockroach. Compare with 
those of a fly. 

2. Give a short account of three kinds of beetles. 

3. How does a cockroach differ in structure from a cock- 
chafer ? 
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BEES AND WASPS. 

HiV6- or Honey-Bee.- Doubtless there are few people 
who have not seen a bee-hive— the home of that indus- 
trious insect the hive-bee, or, as it is more freciuently 
called, the honey-bee {Apis melHfica). 'I’hese little creatures 
are. spoken of as social insects, since they live together in 
communities, each individual taking a share in the work of 
the commonwealth, or fulfilling its allotted function inside 
the hive with such orderliness and .sagacity as is perha[)s 
rarely equalled even in human societies. 

Honey, — This display of industry among bees has one 
main object,— the storing of a winter food-supply of honey. 
This substance is not the na'tar of flowers, but is formed by 
the admixture of nectar with the bee’s saliva. 

Hive,— 'I'he nest or hive may consist of varying material, 
including woolly fibres, pieces cut from leaves of plants, etc. 
Holes in trees, walls, or banks may be utilized as a hiding 
place for the hive. The crevices of a hive are stopped up 
with propolis— a resinous material which bees collect from 
the bark and buds of certain trees— especially the horse- 
chestnut. The hives in an apiary arc, of course, artificial. 
A populous hive may contain a queen, several hundred 
drones, and from thirty thou.sand to fifty thousand workers. 

Queen, Drones, and Workers.— In the hive of a 
honey-bee there are three kinds of individuals : the queen. 
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a female, with a larger and more slender body than the 
others, and having short wings and a curved sting ; the 
drones or males, possessing no sting, and being stouter 
though smaller than the queen ; and the workers, which 
are present in^ great numbers, and are smaller than either 
the queen or the drones. 


A 



Photo by Flttten. Milborne A M'Keehnio, Ltd. 


Fig. 37.— (A) Queen, (B) Drone, and (C) Worker bee. 

Honey-comb. — Inside the hive there is a structure — the 
honey-comb— formed by the bees from wax ; this consists of 
little six-sided compartments or cells, of which there are two 
sizes : ordinary small cells used either for storing honey or 
for the development of workers, and somewhat larger cells 
in which the drones develop. At the edge of the comb a 
few large acorn-shaped royal cells are reserved as nurseries 
for future queens. 

Queen. — The queen develops from a fertilized egg, hatch- 
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JVorker 
' Ceils 


ing in three days as a limbless grub, which is carefully fed and 

tended by workers who prepare a food called royal jelly — 

the future queen’s sole diet. The larva or grub is sealed in 

a “royal cell” when full- 

grown, and after spinning Drone Ceils 

a cocoon whicli is open at \ 

the hind end, becomes a 

motionless pupa, emerging % A 

in fifteen days from the 

time the egg was laid as ^ ‘ 

an imago— or insect in its 

perfect state, — by biting its ^ i 

way out of the cell into the 

hive. During the whole \ mT^' 

life of a queen bee — a ft W CeFl^^ 

period varying from three 1 * 

to five years— she is en- \p 

gaged in laying eggs, only ki.;; as-Pieceorhoney^mb. 
leaving the hive if there is 

a migration to fresh (quarters, or on the single occasion 
when impregnation with the fertilizing substance of a drone 
occurs. 'Fhiis a (jueen bee is exempt from the cares of 
providing food and of protecting the hive. Since, however, 
only one queen can exist peaceably in a hive, there is a 
commotion if another queen is developed, and a fight occurs, 
resulting either in the death of one queen or in her removal 
by some loyal workers to a new hive. Should a queen come 
as an interloper the workers ignore her, and she is allowed 
to starve to death. 

Drones. — A ejueen may lay as many as 3000 eggs daily, 
which, if fertilized, become workers, unless the larvae be fed 
entirely upon royal jelly, when the fortunate grubs develop 
into queens. Many eggs remain unfertilized and give rise 
to drones or males. These individuals have large eyes, and 
produce the substance w’ith which a queen fertilizes her eggs. 


V^RoyaL 

Cell 


Fig; 38. — Piece of honey>comb. 
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When the food of the hive is becoming scarce, viz. at the 
end of the summer, the workers economize by getting rid of 

the drones since the latter are lazy and do no work. I'he 

hapless males are, in fact, ejected Irom the hive and left to 

die. An unfertilized egg 
develops into a drone in 
twenty-four days. 

Workers. - As in 
other communities, the 
workers form the main- 
stay of the hive. These 
little creatures hatch from 
fertilized eggs, being fed 
for the first five days 
on royal jelly and later 
upon a mixture of pollen, 
honey, and water. Adult 
workers seal up in cells 
the full-grown larvie, the 
latter spin a cocoon and 
“ [)upate,” />. become 
motionless pui)a;, emerg- 
ing after 21 days from 
the time of hatching as 
perfect insects or imagos 
by biting their way out into the hive. These individuals 
are really females which do not lay eggs, because they are 
sterile ; they are specially adapted for collecting food and 
for constructing the hive. 

The hind-leg of a worker bee has a broad first joint, the 
pollen-basket, not found in (jneens or drones ; below this 
the second region carries a number of transverse rows of 
hairs which constitute the poUen-brusL Pollen is removed 
from a flower by the “ brush ” organ and then transferred 
to the “ basket.” 'Fhc mouth-parts of a worker are most 



riioM Ii]r Flntten. Milborne * M'Kcclinie, Ltd 
Fig. 39.- I rincl-]e;r of Worker Bee 
(much eiiliireed). 
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efficient, the proboscis being longer than in a queen or 
drone. Although so industrious, the workers appear to live 
only six or eight weeks unless born at the end of a season, 
in which case they may survive thrwugh the winter. 

In special cases workers may become fertili^ and lay eggs, 
|)r()ducing drones. 

Food. — 'I'hc^ food of a bee “ colony ” consists of the 
pollen of flowers and the nectar which occurs in the spur 
of many flowers, such as the pansy. 'Phe honey, which is 
manufactured and stored up most carefully by the workers 
during the summer, is 
intended as a supj)ly of 
food for the winter. 

Sting. — This organ 
is situated near the hind 
cmd of the body, and is 
a pointed structure with 
little hooks or barbs at 
the end. In consequence 
of the presence of these barbs, the withdrawal of the sting 
from a wound is usually impossible. Hence a bee can sting 
only once, the lews of this defensive organ and consequent 
mutilation of the body often proving fatal to the insect. 

Movement. — Like the fly, the bee has legs modified at 
the end for movement on diflerent surfaces ; but whereas 
a fly has two little pads — the pulvilli— on each foot, a bee 
has only one. Both pairs of wings are used in flight. 

Since the hive- or honey-bee and the large humble-bee 
form communities, they are called “ social ” bees. Some 
species— the carpenter-bee — do not form these com- 
munities, but live in pairs (male and female), and are 
distinguished as “ solitary ” bees. 

Wasps. — These insects are generally “ social,” and live 
together in a commonwealth, although some kinds prefer to 
live like hermits — die so-called “.solitary wasps.” 



OuUr or Fbro-wing 
Fic. 40.— • Fore- and Ilind-wiiij; of IJee. 
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Aicommunity of social wasps comprises drones, queen, and 
workers, the latter differing but little from queens, and in 
some cases being able to lay eggs. T'he nest and comb are 
constructed not of wax, but of woody matter chewed up : 
this dwelling is^ locatcd in a bank, wall, tree, and sometimes 
underground. The queen wasp feeds the grubs as they 
hatch out, first with honey and the juice of fruits, later on 
with the bodies of insects. Bees differ from wasps in 
having a strictly vegetarian diet. The wasp grubs grow, 

spin a cocoon and 
pupate. In about a 
month's time the pupae 
become perfected as 
“ images,” and upon 
them devolves the task 
of completing the nest 
and nursing the next 
batch of young. 

The comb in.a wasp's 
nest consists of many 
roughly six-sided cham- 
l)crs or cells arranged 
in tiers connected by 
pillars. In the late summer larger cells are formed for the 
future queens, and often for the drones. Such a community 
thus constituted breaks up after existing for one season, most 
of the workers and drones dying, since wasps suffer severely 
in cold weather, though some, at least, of the queens survive 
the winter and found new “ colonies ” in the following spring. 

Wasps resemble bees in bodily structure, having two pairs 
of rather narrow^ wings (each with a network of nervures), 
three pairs of legs on the thorax, sharply marked off from 
which is the elongated abdomen with alternating yellow and 
black bands. Hence the colouration of a wasp is more 
noticeable than that of a honey-bee. 
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'Fhe head bears long antennae, while the moutlvparts 
resemble those of a bee. 

Wasps live on nectar, insects, and sometimes on the honey 
stolen from bees ; they are also fond of the flesh of sweet 
fruits, the pear. The sting has no barbs at its end, and 
so the insect, unlike the bee, is able to withdraw its sting 
from a wound without fatal results to itself. » 


artf^.niiag 



Fig. 42.— Antennae and Mouth'imrts of Wasp (much enlarged). 


The most common kind of social wasp is vulgaris^ 

whose comb containing grubs is used as bait by anglers, and 
called wasp-cake. 

The largest kind of wasp — the hornet (Vespa crabro ) — 
prefers hollow trees for a nest, and feeds its young upon honey- 
bees. The hornet can inflict a severe wound with its sting. 

Adaptation to Environment.- From the foregoing 
account it .will be understood how bees and wasps — whether 
workers, drones, or queens — are fitted for the life they lead. 
'Fhe mouth-parts, etc., of workers are modified for gathering 
food, the legs and wings for movement, and the sting for 
defence. We shall refer later to the colouration. 
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PRACTICAL WORK. 

Inspect a bee-hive in summer time — worker bees are 
continually leaving and returning to the hive ; their duty 
is to gather food and honey for the community. In winter 
activity ceases, and those bees which have not succumbed 
to the cold weather remain inside the hive until the spring. 

Look out for “ swarming ” on a fine sminy summer 
morning when a (pieen and a number of loyal subjects 
leave a hive to found a new “ colony.” 

Buy some honey in the comb, — taste the sweet sticky 
yellowish fluid. A thin coat of wax closes the open end of 
each cell. Allow the honey to drain from a comb, and, 
when the latter is dry, draw some of the cells. Note the 
regularity in sha])e ; also the larger royal cells if present. 

Examine a worker bee. Draw, naming the structures 
observed. 

A bee may be killed by immersion in methylated spirits-*- 
probably the sting (at the hind end of the body) will be 
everted. 

Notice the eyes, and the antennae with 1 3 joints. 

Make drawings of a hind-leg (with pollen basket and 
brush) ; the mouth-parts (separate these with two needles) ; 
a wing (noting the nervures). 

Similarly examine a wasp. In your drawing show how a 
wasp differs from a bee in shape, colouration, etc. 

Look out during your country walks for nests of the 
wood wasp (built in trees), and for the nest of res/>a 
vulgaris in banks, walls, or hollow trees. Drenching with 
water will incapacitate the wasps, when some of the wasp- 
cake may be examined and permanently preserved in spirits. 

Draw stages showing development and metamorphosis. 

EXERCISES. 

1. Give an account of any “ social ” insect. 

2. How would you distinguish a bee from a beetle ? 

3. What do you understand by propolis, cell (of honey- 
comb), royal jelly, pollen -basket, worker bee 1, 
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BUTTERFLIES AND MOTHS. 

Butterflies.— Wu have all .seen these familiar insects 
flitting from flower to flower in the summer time. Some 
are beautifully coloured, although they are neither so large 
nor so gorgeous in our dull climate as those of tropical 
countries. Minute scales, of diflerent sha[)es and colours, 
cover the wings as a fine dust, which is readily rubbed off by 
the finger : the colouration of butterflies is due to the 
presence of these scale.s. 

,\s an example of this group of insects we will consider 
the “large white ” or well-ktKnvn “cabbage white” butterfly 
of our kitchen gardens. 

Cabbage White Butterfly.— The dark hairy body is 
divided into head, thorax, and abdomen. 'I'he head bears 
two large eyes, a jKiir of long thin antennie with club like 
end.s, and mouth-parts taking the form of a long proboscis 
used as a sucking' tube. When not in use, the proboscis is 
coiled up like a watch-spring. 

Three pairs of long weak legs, as well as two pairs of large, 
broad, nearly white wings, are borne on the thorax. The 
male has dark markings at the anterior edge and tip of each 
fore-wing, whereas the more beautiful female has in addition 
three black spots on the dorsal side of each anterior wing. 
(Fig. 43.) 'I’he abdomen, bearing no appendages, is 
enveloped by the ba.sal jurts of each hind-wing. 
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Life-history of Cabbage White.— The bright-yellow 
eggs are laid in clusters conveniently near the future food 
of the larvje, viz. on the back of cabbage, turnip, or cauli- 
flower leaves. Several batches of eggs may be laid during 
the summer. ^Yhen hatched, the larvae or caterpillars have 
a greenish back with yellowish under-surface, small black 
dots on the body, a yellow streak along the dorsal surface, 



F'cmaie ( ventral view) 

Fig. 43.— Cabbage White Butterfly, (x 2 .) 


and large black spots on the sides. The social caterpillars 
may frequently be found in numbers feeding voraciously. 
When full-grown they hang by the tail to some firm object 
with which their colour harmonizes, and spin a silken girdle 
round the freely-hanging anterior end. The outer skin is 
now dispensed with, and after another has been acquired, 
the quiescent chrysalis condition is reached. 

From the angular chrysalis (Fig. 44) finally emerges the 
imago or perfect insect, unless the time of year happens 
to be late autumn, in which case the chrysalis persists 
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through the winter, and the imago emerges in the spring 
following. 

Habits of Butterflies.— It is unusual to find butterflies 
active in cold weather. They are generally in evidence 
only during the daytime in sunny weath^. One striking 
characteristic of most butterflies is the attitude assumed 
when resting, on a flower or other object ; at such times 
the upper surface of each wing, often brightly coloured, 
becomes closely opposed to the other — ue, the wings are 
placed back to back, — and only the under surface of each 
wing is visible. 



Fig. 44. - C.'iterpillar and Chrysalis. 


Caterpillars. — These larvse may be naked or hairy. 
They are provided with a pair of small eyes, one pair of short 
antennae, jaws for biting, and a trunk consisting of eleven 
•segments, of which the first three bear two jointed legs 
each — the walking legs of the future butterfly: moreover, 
from one to five of the other trunk segments may bear 
stumpy unjointed pro-legs or “ cushion-feet ” ending in little 
suckers. The pro-legs are useful in the larval stage only, 
and are not represented in the adult butterfly ; the mandibles 
or biting jaws are also lost, and a proboscis is developed 
for sucking up the nectar of flowers, and for feeding occasion- 
ally on other substances. 

Chrysalis. — The pupa stage of a butterfly — the chrysalis 
— is confined in a closely-investing homy covering, under 
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which* the appendages of the body — the future wings and 
legs — are glued together. In all butterflies the chrysalis 
has an angular outline. Some butterflies and moths, 
€.g, the silk-worm moth, spin a silken cocoon which shelters 
them so long as Jhey remain inactive pupoe. 

Kinds of Butterflies. — Butterflies may be conveniently 
divided into five families : 

(1) Fritillaries and brmvns -having the first pair of legs 
so small as to be useless for walking, e.g, tortoiseshells, red 
admiral, peacock, painted lady, purple emperor, speckled 
wood, grayling and meadow brown. 

(2) Blues^ coppers^ and hairstreaks — €,g, common blue ; 
small copper ; purple hairstreak. 

(3) Whites^ yellows^ brimstones^ and orange tips — having a 
conspicuous colour, with the abdomen partly covered by the 
basal parts of the hind-wings — e.g, cabbage white, clouded 
yellow, orange tip, brimstone. 

(4) Siva/tow-taits — including many tropical forms of great 
splendour ; hind-wings ])roduced into a “ tail ” : only one 
species in England, confined to the Fens. 

(5) Shippers — with thick bodies, antcnnce slightly hooked 
at the tip ; usually with dingy colour and fitful movement, 
e.g. grizzled skipper. 

Moths. — I-rike butterflies, moths are scaly-winged insects, 
but the majority perhaps may be spoken of as nocturnal, i.e. ' 
they are most active at night. Moreover, whereas nearly all 
butterflies are harmless, the larvae of many moths are very 
destructive pests. It is not difficult to distinguish a moth from 
a butterfly, since the antennne arc pointed and without knob- 
like endings (cf. Butterflies); on alighting, too, moths generally 
keep the wings expanded. The thorax is not clearly marked 
off from the abdomen, the whole body being shorter and thicker 
than a butterfly's. The caterpillars are naked or hairy, usually 
with less than five pro-legs ; the pupae are generally covered 
by a cocoon, which is frequently concealed underground. 
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'I'lic chrysalis has a rounded, not an angular, outline 
About two thousand kinds of m()ths are found in this 
country, of which a few common examples are shown in 
Fig. 46. T'he better-known kinds are : 

Large moths — e,g, death’s-head, privet, gof^:, tiger, emperor, 
red underwing, buff tip, oak eggar, puss, and hornet clearwing. 

Small moths — eg. clothes moth, brown dolly — the cater- 
pillar of this insect mines in hazel leaves. 



Pliotii Ity PlKttpm, Milbiiriie A M'Kevbiiir, Uil 


Fi<;. 47.— Life-history of Huff Tip Moth. 

Protective Devices of Animals.-— We may now take 
a brief survey of the animals already dealt with in order to 
perceive how varied are Nature’s methods of protecting 
animals. An earthworm’s safety is its burrow ; even when 
deeding on fallen leaves or twigs above ground the hind end 
of the body is usually retained in the mouth of a burrow, so 
that the whole animal can be (piickly withdrawn at the 
approach of an enemy. Since the worm moves in its 
burrows with surprising rapidity it has a fair chance of 
escape from slugs (which follow it underground), moles, and 
other burrowing animals. As the snail is able to withdraw 
into its shell, its means of defence is of a passive nature — 
a fortuitous device for such a slow-moving creature. Flies 
have wings, and their keen eyesight enables them to escape 
from most enemies with consummate ease. The shape 
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and colour of some insects perhaps afford us the most 
wonderful examples' of protective devices among animals, 
and these means of self-preservation will be described under 
the headings of Protective Resemblance, Mimicry, and 
Warning Colouration. 

Protective Resemblance.— Many caterpillars, beetles, 
butterflies, etc., are coloured, marked, and shaped in such a 
manner that they are most difficult to detect amidst their 
customary surroundings. The more we learn about coloura- 
tion of animals, the more we are convinced that this rule is 
general. We need, however, to ascertain carefully the 
characteristic environment in each case, otherwise difficulties 
present themselves. We must, for example, compare the 
colouring of a tiger with the blades of yellow jungle grass, 
upon which the sun is shining, the plumage of a bird of 
l)aradise with the upper foliage in a tropical forest, and ito 
forth. Fig. 48 shows how a stick caterpillar and a lappet 
moth harmonize with their respective environments, and so 
only their most persistent or practised enemies would detect 
them while at rest. When most butterflies alight upon a 
flower the wings are apposed and their dorsal surfaces are thus 
contiguous, so that only the dull-coloured under surfaces of 
the wings are visible. Hence the gaily-painted wings are 
hidden, and the under surfaces — being harmoniously 
coloured to match the surroundings — form a protective’ 
colouration. Since moths come to rest with the wings 
expanded, in their case the upper surfaces of the wings 
exhibit the protective colouring. 

Warning Colouration. — Wasps and hornets have 
brightly spangled bodies, and possess the sting as a means 
of defence. The easily recognized and vivid colour may 
serve a double purpose — both as a warning to other animals 
•not to risk being stung, and also as a means of terrifying 
foes. Hence, only their inveterate enemies, fully acquainted 
with their methods, will venture to attack. • Since all animals 
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have natural enemies, it would be erroneous to suppose that 
the colouration invariably results in an animal being saved, 
though it undoubtedly tends to prolong its life and increase 
its chances of avoiding enemies. 

Mimicry. — Children cjuickly learn to SL^oid a wasp or 
hornet, but are not intimidated by a defenceless butterfly 
or moth. The sting and buzzing noise of the former 
inspire fear. A moth closely resembling in colouration the 
dangerous hornet will often be mistaken for the latter, and 
so will escape attack. Thus the clear-wing moth simulates 
or mimics the hornet, and by so doing increases its chances 
of preservation. The phenomenon is known as mixnicry. 


PRACTICAL WORK. 

-.Notice in a cabbage white butterfly the head, thorax, 
abdomen, proboscis, knobbed antennae, eyes, two pairs of 
wings with scales easily rubbed off, colouration (especially 
the differences between the markings of male and female), 
and the six weak legs on the thorax. The cabbage white is 
a member of the group of butterflies known as “ whites,” — 
for it has the first pair of legs shorter than the others, and 
the basal parts of each hind*wing partly envelop the 
abdomen. 

Draw a male and a female specimen. 

( x)llect some caterpillars of the cabbage white — they are 
usually to be found creeping on cabbage or cauliflower 
leaves. Make out the colouration, jaws, eyes, antennae, and 
the trunk with eleven segments; also the position and 
number of the walking legs and pro-legs. Keep some of 
these caterpillars, feeding them from time to time with fresh 
cabbage leaf, and watch them feed, grow, and metamorphose 
into pupae, later becoming imagos. 

Examine the chrysalis of a butterfly ; make a drawing and 
name the parts. Visit this quiescent animal each day until 
the imago appears. Keep data of your observations as to 
the time of year and. locality of the butterflies you collect. 
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Observe a butterfly’s attitude in repose upon a plant. 

Collect a pair (male and female) of the common butterflies 
and moths in your locality. Try to classify and name them. 

Moths must be sought for during the daytime on the bark 
of trees, in cre’acc.s, holes, and dark places. They become 
active after dusk. A powerful light has a strange attraction 
for butterflies and moths, intimidating them to self-destruc- 
tion. Moths differ from butterflies in their antennte, which 
arc often feathery and without knobbed ends. Motlis also 
have more stumpy bodies. 

Distinguish and draw the chrysalis of a moth. 

Place a lappet moth on the reddish leaves of a beech 
tree and note the harmony of colouration. 

Similarly examine red underwings on the bark of an ash 
or buff tip moths among broken twigs. Note other cases of 
protective colouration. , 


KXERCISES. 

1. (Jive the life-history of the cabbage white butterfly. 

2. Write an essay upon the protective colouration devices of 
animals. 

3. How would you distinguish a moth from a butterfly ? 



CHAPTER VIII. 


ANIMALS, THEIR CLASSIFICATION AND 
NOMENCLATURE. 

Animate and Inanimate Objects— I'he popular notion 
that a cat or horse is an “animal,” whereas a fly or fish is not, 
ia erroneous ; it i.s important to gain a clear conception of 
what is meant by an animal. Earlhworm.s, .snails, horses, 
flowers, trees, mushroom.s, etc., have comjKment parts known 
as “ organs,” by which they are enabled to feed, breathe, grow, 
and reproduce new structures like themselves. Hence we 
speak of all such things as being organic or as “ organisms,” 
and since they have the above mentioned powers they arc 
known as “ living ” or animate objects. In the domain of 
Nature there are stalactites, icicle.s, crystaLs, etc., which 
«jfgrow” without being animate or ix)ssc.ssing life. Yet the 
nature of the growth in organisms is quite different from 
the increase in size of an inorganic object. In the latter 
case there are no organs, and growth means an addition 
of material to the surface of the inanimate object: when 
organisms grow, material is added to the individual parts or 
organs of the body. 

Biology. —The comprehemsive study of Biology involves 
an enquiry into the structure, history, habits, occurrence, 
reproduction, and development of all living objects, i.e. the 
study of organisms. ^ 
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Plants and Animals.— There is a wide difference 
between two objects 'such as a horse and a cherry tree. Both 
are organisms endowed with life, for they are each capable of 
growth, respiration, feeding, and reproducing new individuals. 
The horse, however, can move from place to place in search of 
food, whereas the tree is fixed in the ground in a spot which 
it cannot leave. This fact is reflected both in. the manner of 
feeding and in the nature of the food. A horse has a mouth, 
by which solid food — such as grass and corn — may be taken 
into the body. A tree has no mouth, and can feed only on 
liquid food which passes in by the roots and on gaseous 
food absorbed through the leaves. 

Hence we distinguish animals — />. organisms which as a 
rule can both move and take in solid food — from plants, — 
ue, organisms which possess no mouth, and therefore are 
unable to take in solid material as food ; moreover, plarvts 
have not usually the power of movement. 

Zoology and Botany.— The subject of Biology is con- 
veniently sub-divided into Zoology — the study of animals ; 
and Botany — the study of plants. Owing to the structure 
and habits of some very simply constructed organisms, it is 
uncertain whether we should range them with animals or 
with plants. 

Glassification. — We have devoted some attention in the 
preceding chapters to the examination of an earthworm, te. 
garden snail, and a house fly. The object of taking these 
“ types ” will be apparent when it is understood that a great 
many animals are, as it were, “related” to such types. 
This similarity of groups of animals to one another is most 
interesting, and leads us to the subject of the “ classification ” 
of animals. In the first place there is no vertebral column 
(popularly termed “backbone”) in any of the animals 
already studied. All such animals are called inverte- 
brate, and belong to the collection of animals known as 
Invertebrata. 
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The animals to be considered in the succeeding chapters 
possess a vertebral column, and belong to the Vertebrata. 
Whereas Vertebrates are so closely related that they can 
be included in one large sub-division or phylum, the Inverte- 
brates differ among themselves so widely, th^t it is necessary 
to sub-divide them into several groups or phyla. 

Thus the earthworm is a member of the phylum Annulata. 
The animals in this group have the body divided into rings 



Fig. 49. —Examples of Molliisca. 


or “ annuli.” The elongated muscular bodies are not 
protected by a shell or other hard- covering ; the mouth is 
placed at the front end and the vent at the hind or posterior 
end of the body. Many other “ worms ” live in the sea and 
have appendages for swimming as well as setae. Leeches 
too are among the Annulata. 

The garden snail more nearly resembles a slug or an 
oyster than an earthworm does, because a snail possesses a 
large muscular foot for locomotion ; moreover, it possesses 
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a This shell is hidden in the body in the case of 

many kinds of slugs. Snails, slugs, and oysters belong 
to the phylum MoUusca— animals possessing a foot for 
movement, no legs or wings, and usually protected by a 



Wood-louse 



Common Snore -Craii ^ 

Fig. 5a— Examples of Crustacea. 

In the Lobster the appendages are sliowii on the left side only. 

shell which may consist of one piece (snail) or two (oyster). 
Many Molluscs live in the sea and breathe by means of 
gills— oysters, cockles, miLssels, cuttlefishes, squids, and 
octopuses. They are always covered by a mantle. 

The phylum to which the house-fly belongs— the Arthro- 
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poda — includes a vast number of animals. T'he name 
“Arthropoda” means “jointed limbs” — a feature of all the 

animals in the group. They agree with Annulates in having 

segmented bodies. The Arthropoda includes flies, bees, 
wasps, beetles, crayfishes, woodlice, crabs, spiders, ticks, 
mites, and many other animals. 'Fhese rfumerous form.s, 
which are readily distinguishable, can obviously be sub- 
divided ; hence we find the Arthropoda consisting of smaller 
or sub-groups called classes. Thus spiders, harvestmen, 
ticks^ mites, and scorpions have four paTr^bf legs and no 
wings. 'Fhey compose the class Arach nida. The class 
CTfus&cea includes crabs, crayfishes, prawms, lobsters. 



Fig. 51. —(A) Common British Millipede ; (B) Centipede (foreignX (x l.) 

shrimps , and all animals with more than four pairs of 
legs, with a hard covering or carapac e protecting the body, 
etc. 'Fhe class Myriapoda includes millipedes and centi- 
pedes — all with nurherous jointed legs. Centipedes have 
:,^)ne pair of legs on each segment of the body, whereas 
millipedes have two pairs. lastly, the class Insecta or 
insects includes all i nverte brate, jointcd-limbed animals with 
only three pairs of legs and usually two pairs of wings. 
Deeties, wa.sps, bugs, flies, l^ees, cockroaches, cockchafers, 
butterflies are insects. 

T'he classes in turn consist of still smaller groups or 
orders . 'Faking the insects as an example, we have the order 
Soleoptera (“sheathed wings”), including beetles ; mosquitoes 
a nd flic s are included in the order Dip/era (“two wings ^ ; 
bees, w^asps, and hornets belong to the order Hymenoptem 
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membranous wings ”) ; cockroaches and grasshoppers to 
the order Orth optera (“straight wings”); while moths and 
butterflies compose the order Lepidopiera (“ scaly wings ”). 

In sub-dividing orders, we 'come "to the flELinilies. The 
order Lepidoptera includes the “fritillary” family, the 
family of “ blues's,” and so on. 

In the chapter on butterflies and moths we found the 
“tortoiseshells” included in the fritillary family. Such a 
collection of animals forming part of a family is spoken of 
as a genus. The purple emperor butterfly is also a fritillary, 
but since it differs from the tortoiseshells in some structural 
features in which all tortoiseshell butterflies resemble one 
another, it is put in a different genus. Animals included 
in the same genus receive a name (usually Latin) called the 
generic name, and also a second or specific name, indicating 
to what particular species or “ kind ” they belong. A species 
is, therefore, a collection of similar animals which, reproduce 
new animals of their own kind. 

Thus, in the genus of “ tortoiseshell butterflies ” we find 
the red admiral called Vanessa atlafita\ the peacock butterfly, 
Vanessa io \ the small tortoiseshell, Vanessa urticce\ the large 
tortoiseshell, Vanessa polycMoros ; and the painted lady, 
Vanessa carduu 

Hence, in classifying a peacock butterfly, we should write : 

Phylum — Arthropoda. 

^ Class— Insecta. 

^ Order— Lepidoptera. 

^ Family — Fritillidss. 

^Genus— Vanessa. 
"^^Bpecies— lo. 

In this way naturalists of all nations have the same 
zoological name for any particular species of animal, and 
much unnecessary confusion is avoided. 

Thus animals are classified by taking into consideration 
their anatomy or body-structure. 
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Arguing in the reverse direction, we shall expect Arthro- 
pods--«^. a fly and a spider~to resemble each other more 
closely than they resemble either a worm or snail; on the 
other hand, a fly, being an insect, will resemble a bee 
more closely than a spider does. , 

EXERCISES. 

1. Distinguish between a plant and an animal, and between 
animate and inanimate objects. Give examples. 

2. How are animals classified and named ? In what order” 

I 

would you place a fly, grasshopper, moth, mosquito, lady-bird, 
cockchafer, hornet ? Give reasons. 

3. Write out in full the classification of the painted lady 



CHAPTER IX. 


thf: brown trout. 

We will take as an example of fishes the fiimiliar brown 
trout {Sahto fario) of our rivers and brooks. 

Appearance. -'I'he skin has a silvery appearance, dark 
grey or brown above and yellowish on the under surface. 
lArge black spots scattered on the back and sides, wjth 
red interspersed, produce most beautiful markings on the 
body; in the young fish yellow spots are also present. 
Under a .soft tran.sparent slimy covering, the sniall filmy 
scales are arranged like tiles upon a roof. 'I'hese circular 
plate-like .structures, which act as a protective covering 
over the body, are easily rubbed olT when a dead trout is 
handled ; at first of small size, the scales grow by concentric 
additions consisting of calcium carbonate. The head is 
devoid of scales, although Ijones protecting the brain nn**(. 
be felt beneath the skin. 

The body tapers bluntly towards the snout, and more 
gradually towards the tail psteriorly : it may be described 
as torpedo-shaped, widest from side to side about midway 
between the dorsal and ventral regions, and rather thicker 
above than below. This shape is best adapted for move- 
ment in water, the body offering little resistance to progress. 
Engineers and shipbuilders have copied the fish’s shape in 
constructing vessels and torpedoes for cutting through the 
w'ater. 
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T'he crescentic gill-openings may be regarded as defining 

the head in front from the trunk region behind, since a neck 

is absent. On the ventral side, at the hinder end of the trunk, 
the vent is situated, the tail comprising all the body behind 
this opening. A streak — the lateral line — found only in 
fishes and in some other aquatic animals like the tadpole — 
runs along each side of the body from head to tail. 

Movement. — 'rhe tail of a trout is undoubtedly its most 
important locomotive organ. Around the posterior end of 
the tail a fringe of bony rods— fin-rays — strengthens the 



Fic. 5a.— Brown Trout, (xi.) 


caudal fin. This flexible vertical structure can be moved 
from side to side in such a way that the fish is forced 
forwards. 

A similarly acting, but much less efficient, mechanism 
is the propeller of a screw steamer — an example of our 
i.'vperfections in mechanics as compared with the devices of 
Nature. Boatmen imitate the movement of a fish’s tail 
when propelling a boat by means of a stern oar. 

Fins.- A trout has no need of legs, since it does not move 
on land, but there are two pairs of limbs present, and these 
correspond to the legs of a frog or horse, although they 
subserve a different function and have a different structure. 
We speak of the limbs of a fish as its paired fins. T'he 
anterior pair — corresponding to our own arms — projects from 
each side of the body in the breast or pectoral region. 
Hence they are styled pectoral fins. A number of fin-rays 
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— fourteen — support a membrane which is broader at the 
distal than at the proximal end. Two pelvic fins — corre- 
sponding to our legs — are inserted about mid-way along the 
body in the ventral region of the trunk. The pelvic fins 
are smaller than the pectorals, and only ten fin-rays are 
present in each. 

Both anterior and posterior paired fins project like shelves 
from the body and thus help to balance the trout. The 
broader, upper portion of the body is heavier than the lower 
part, and a dead trout floats with its ventral side uppermost. 
The natural position is maintained by the balancing move- 
ment of the pectoral and pelvic fins. Other fins are present, 
called unpaired fins. These are vertical in position and lie 
along the middle line of both dorsal and ventral surfaces. 

A trout has two dorsal fins, of which the front or anterior 
dorsal is situated about half-way along the back, thirteen 
fin-rays supporting its triangular membrane. A much smaller 
posterior dorsal fin lies on the back nearer the caudal fin. 
This second dorsal fin contains no fin-rays. Immediately 
beneath it on the under side of the body a ventral fin with 
eleven supporting fin-rays projects vertically downwards. 
Both the dorsal and ventral unpaired fins act like keels and 
steady a fish during its progress through the water. 

EyeSi Nose, and Ears.— The large eyes are not protected 
by eyelids, but are covered by a transparent skin ; hencff^; 
trout is unable to close its eyes and go to sleep ; moreover, 
it usually seeks a shady nook in order to avoid strong sun- 
light, coming out to feed when the sun’s rays are not so 
powerful. A strong continuous light would seriously injure 
the fish’s eye, because there are no eyelids which may be 
closed periodically in order to rest the eye. Careful obser- 
vation of a living trout or gold-fish will disclose the fact that 
the eyeball can be moved a little and thus enable the fish to 
see in front as well as sideways. 

The two nostrils are double structures which lead into 
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cup-like nasal sacs ; the latter do not communicate with .the 
mouth cavity. A fish uses its nasal sacs for testing the 
purity of the water, but not for respiration. Although ears 
are present within the head, there is«no part of these organs 
visible on. the sides of the head. The trout is none the less 
kept informed of sounds— water transmitting vibrations 
more effectively than air. 

Mouth, Teeth. — ^The mouth is terminal, passing round 
the snout as a wide slit. No fleshy lips are present, but the 
bones bordering the upper jaw are movable and bear small 
teeth in a simple row ; the lower jaw is similarly toothed. 
Running parallel with those of the upper jaw a set of teeth 
is present in the roof of the mouth cavity — the palatine 
teeth — whilst yet another group— the vomerine — is found 
in the dorsal middle line between the palatines. The tongue 
also bears teeth. 

Breathing. — The head is continued on the sides into 
two flaps which conceal the gills. Each stiff flap or oper- 
culum is fringed by a flexible margin — the branchiostegal 
membrane. The crescentic slit-like gill-opening on either 
side leads into a gill-chamber containing four pink, comb- 
like structures, — the gills,— borne on bony semi-circular 
gill-arches separated from one another by gill-slits which 
put mouth-cavity and gill-chamber into communication. 

53 gives the appearance of a gill-arch and its gill 
cut across. Each respiratory organ or gill is a double 
structure composed of a number of triangular filaments, 
pink in colour, on account of the numerous blood-vessels 
immediately beneath their surface. 

A thin membrane covering each gill separates the blood 
from the surrounding water. By a process of osmosis, 
oxygen dissolved in the water passes through the membrane 
into the blood, and replaces carbon dioxide which passes 
out from the blood. Hence the process of breathing in a 
flsh is effected by keeping the gills continually bathed in 
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water containing oxygen. During inspiration the mouth 
is opened, the branchiostegal membranes close the gill- 
openings, the operculum on each side moves outwards, 
and so water rushes into the enlarged mouth-cavity. 
During expiration the mouth is closed, each operculum 
moves inwards, and, as the throat is also closed, the 
water passes out by the gill-openings. If we were to put a 
trout into water which has been boiled (so as to get rid 
of the dissolved oxygen) the poor animal would be unable 
to breathe, and would quickly die ; in other w'ords, a fish 



continually requires oxygenated water, otherwise suffocation 
ensues. When fishes are seen to respire very quickly, it 
is a sign that they require fresh water; those who keep 
goldfish in little aquaria should be most careful either to 
have green plants living in the water or else to change 
the water regularly and often. In breathing normally a 
trout opens and shuts its mouth many times a minute. 

Feeding^. — The trout feeds upon worms and insects. It 
has no lips, but the food is seized by means of the palatine, 
vomerine teeth, and those on the jaws. A white non- 
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- throak 



gill rakers ' 


Fig. 54. — Gill*arches, etc., of Herring, as seen 
on opening wide the mouth. 


muscular tongue is present at the back of the mouth-cavity, 
and, as above mentioned, this also bears ‘teeth in a double 
row ; the tongue, however, moves only with the throat, not 
independent!/. From the sides of each gi^Tarch project 
little rods known as 
gill-rakers ; these act 
as strainers— allowing 
water to pass out by 
the gill-slits, whereas 
food passes on down 
the throat. 

Internal Struc- 
ture.— The “flesh” 
of a fish — consisting 
almost entirely of 
muscles — is not difficult to remove, and since a herring or 
trout can easily be obtained at a fishmonger’s, a good 
opportunity is provided for learning something about the 
internal structure. Beneatli the skin the white muscles are 
arranged in segments (as in the earthworm), presenting, 
however, a zig-zag appearance. Among the muscles are 
small inter-muscular bones — [particularly noticeable in u 
herring. When all the muscles of one side have been 
removed, the back-bone or vertebral column— consisting 
number of bony pieces or vertebrae arranged in a 
continuous series— is visible. In some kinds of fishes the 
vertebrae consist of “ gristle ” or cartilage instead of bone. 

Beneath the vertebral column a large space — the body- 
cavity — contains the viscera. Of these organs one can 
readily recognize the partly coiled tubular alimentary canal 
extending from the mouth to the vent. The wider anterior 
portion is the stomach, on each side of which is the reddish- 
brown liver, with a green gall-bladder closely associated. 
Following on the stomach is the intestine— much narrower 
and bent upon itself— from which pass off a number of 
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tubular outgrowths clustered together. Probably in these 
outgrowths, as well as in the stomach and liver, fluids are 
manufactured ; the substance produced in the liver— called 
bile — is stored up in the gall-bladder. When poured into 
the alimentar;^ canal the fluids dissolve or digest the food. 

Another prominent organ in the body-cavity is the repro- 
ductive organ, consisting either of two spermaries — the 
“ soft roe ” — of a male fish, or of two ovaries — the “ hard 
roe ” — of a female, containing a great many little eggs. 

Still nearer the back-bone, and having a rather thick 
black wall, there is a long sac-like structure containing 



a mixture of gases ; this— the so called swim-bladdei^ 
increases the buoyancy of a fish, exactly in the same way 
as a person, although unable to swim, would be kept from 
sinking if some inflated bladders were tied beneath his arms. 

Between the vertebral column and the swim-bladder the 
kidney is situated. This organ, well supplied with blood 
and reddish in colour, extracts certain waste matter from the 
blood. 

Enclosed in a special cavity beneath the throat lies 
the heart, in which one may easily recognize a single 
dark-red dorsal chamber — the auricle*— receiving impure 
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blood from the body and passing it into a ventral muscular, 
pinkish, conical chamber — the ▼entricle. From the latter 
impure blood is driven forwards along a blood-vessel to the 
gills. 

By carefully removing the bones of the head the brain 
may be exposed ; with it is continuous a long, whitish 
spinal cord traversing the vertebral column. 

If the backbone be now separated from the flesh, and 
its component parts, the vertebrs, isolated, two kinds 
of vertebrae — precaudal and caudal — are distinguishable. 
In all there is a circular disc-like portion, concave on each 
aspect, and called the body. T'wo ascending pieces, one 
on each side of the spinal cord, join up above and form the 
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Fig. 56w— (A) Precaudal, and (B) Caudal, vertebra of Trout, as seen from 
in front. 

neural arch. A neural spine projects vertically above the 
'ii'ch (Fig. 56). The precaudal vertebrae have laterally- 
projecting slender ribs ; hence they differ from the caudal 
vertebrae, in which there are no ribs, although a ventral arch, 
closely resembling the neural arch above, projects down- 
wards and encloses blood-vessels. 

Habits , — The brown trout prefers a clear-running stream, 
especially one in which the bottom is sandy or gravelly. 
Being a great feeder and a rapid swimmer, it may often 
be seen greedily devouring the May-flies as they rise from 
the water for their short aerial life. The head of a trout 
is generally turned up-stream, in order that food may be 
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the -more readily procured, and also that water may pass 
in at the mouth aiid out through the gill-openings. I'he 
size varies greatly : a trout weighing two pounds or measur- 
ing eight inches is, however, a fair specimen of an adult | yet, 
still larger brown trout are sometimes caught. Some have 
been known to live for more than thirty years. Unlike its 
close relative the salmon, this species of trout never occurs 
in the sea, being strictly confined to fresh water. 

Adaptation to Environment. — We need consider only 
a few organs of the body in order to understand how 
well adapted a fish is for an aquatic life. The shape of the 
body, with the muscles along each side, rendering possible 
the movements of the powerful tail ; the paired fins for 
l^alancing; the unpaired fins acting as vertical keels; the 
operculum and branchiostegal membrane for aiding in 
respiratory movements ; the gills for breathing in w^ater ; the 
gill-rakers for straining water from the food ; all illustrate a 
fish\s adaptation to environment. Again, the dull colouring 
of the trout’s back and the light under-surface render the 
animal less conspicuous to birds and other enemies, since 
the effect produced when the back is lighted up and the 
under side is in |)artial shade, is such as to render the out- 
line of the trout indistinct. 

Reproduction and Development.— We have already 
observed that a trout is dioBcious, male and female animitk 
differing only in the nature of the roe. The female lays her 
eggs in masses, often to be found adhering to the under side 
of stones in a stream. The male sheds some milt — viz. 
fertilizing substance from the soft roe — over the eggs, and 
thus impregnates them. The eggs contain much pink yolk. 
Fig. 57 shows some stages in the development of a fertilized 

egg. 

First an opaque region in the upper pole of the egg 
appears, then two black spots — the future eyes; later the 
partial separation of the opaque region from the rest of the 
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yolk and the little embryo is called an alevin. At this 
period the young trout has eyes, but a mouth is not fully 
formed ; hence all the nutriment is derived from a ventral 
elongated sac filled with yolk. 'I'he alevin has a strange 
appearance, seemingly attached to the upper side of a 
distorted egg. 'Fhc continual drain upon the food in the 
yolk-sac causes the latter to shrivel up, the embryo growing 
at the same time, until the sac becomes smaller and later 
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31 days 






110 days hatched 

Fig. 57.-— Stages in development of Trout, (x about 2.) 


unnoticeable. When twelve months old the alevin is called 
a yearling} and measures about three inches, and is in every 
way a miniature of its parents. For a time grow^th proceeds 
rapidly, the rate gradually decreasing until the adult condi- 
tion is attained. 

Characters of. Fishes. — I'he two chief distinguishing 
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features of a fish are the paired fins and the scales. The 
observer, who has seen the many different kinds of fishes in 
our markets or the specimens in a museum, must have 
marvelled at tbe diversity of colour, shape, size, and struc- 
ture of the heac), body, tail, scales, teeth, etc., which exists. 



We will explain two familiar cases and leave the reader 
to search for other examples. I'he common eel and sole are 
well-known fishes. The former has an elongated' body, and 
can readily bore in sand and mud. Only the pectoral paired 
fins are present, and these are small since* balancing or 


\ 


Fig. 59.— Plaice— as seen from the right side, (xj.) 

steadying such a body by these organs would not be feasible. 
In movement the body is thrown into many curves (thus 
functioning as one long tail), while the gills are well closed in 
and protected from any irritation caused by sand or grit. The 
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sole feeds for the most part at the bottom of the sea. and 
thus rests habitually on the sea floor. An observer would 
probably assume that the light region of the elongated oval 
body is the ventral surface and the darker region the dorsal, 
but this is not the case. The sole begins life with much the 
same shape as a trout, but in further development there is a 
remarkable series of changes — the left eye travelling round so 
as to be near its fellow on the right side. The body becomes 
very much flattened from side to side, the sole resting on the 
left side, which becomes white ; the right side, however. 



Fig. 6a— Thornback, Dogfish, and Sturgeon. 

becomes dark, thus harmonizing with the surroundings on 
the sea-bottom. Notwithstanding the fact that one eye has 
shifted and the mouth has become distorted, the dorsal and 
ventral fins, the lateral line, the gill-openings, and the 
paired fins have retained their original position. A sole 
moves by curious undulating movements of the body, which 
of course are really movements from side to side. Soles 
live on the eggs of other fishes and on many kinds of 
mollusca and worms. 

Kinds of Fishes. — Fishes differ in the number, shape, 
and position of their fins. The whitings for example, has 
its pelvic fins in front of its pectorals. In some fishes the 
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scales are thick and form large scutes, in others they are 
filmy and circular ; some again have scales with a serrated 
margin; in the eel and sole the scales are very small. 
Another useful feature aiding in the classification of fishes 
is the number of fin-rays in the fins ; also whether these are 
stiff hard spines" or flexible soft rays. 

PRACTICAL WORK. 

Examine .some living gold-fish or trout in an aciuarium. 
Notice the colouration, head, trunk, tail, paired and unpaired 
fins, mouth, nostrils, operculum, gill-openings, etc. 

Observe a fish moving, breathing, feeding. 

Buy at a fishmonger’s a fresh herring for a more careful 
study of the body. Notice the colour, viz. steely blue above 
and silvery white below. On handling the fish many round 
filmy scales are dislodged. Examine the slightly movable 
eyes protected by a transparent covering ; the teeth, present 
on the tongue and vomers, but not on the jaws or palatines ; 
the nostrils ; the vent in front of the ventral fin ; the lateral 
streak (not prominent) ; the operculum ; the branchiostegal 
membrane ; the symmetrical vertical tail fin ; the pectoral 
fins, each with i6 rays ; pelvic fins, each with 9 rays ; single 
dorsal fin with 17 rays ; and the ventral with 18 rays — none 
of the fins bear spines. 

Open the jaws and observe the wide gape ; also the gill 
clefts, gill-rakers, and throat. ^ 

Raise an operculum and count the pink gills in the gill- 
chamber, borne on the gill-arches. Cut out with scissors a 
gill-arch and see that the gill has the form of a double comb, 
the filaments representing the “teeth.” Cut across a gill- 
arch. 

Draw the herring from the side ; front view with mouth 
wide open ; gill-chamber with operculum raised ; a single 
gill-arch and gill ; a gill-arch cut across. 

With a pair of scissors cut along the mid-ventral line of 
the body from the pectoral fins to the vent. Notice the 
body-cavity containing hard or soft roe; alimentary canal 
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comprising liver, stomach with curious blind sac behind^ and 
intestine, into which open a number of tubular outgrowths 
anteriorly. More dorsally placed is the silvery swim-bladder, 
with a fine tube leading to the alimentary canal. Note the 
red kidney above the swim-bladder. 

Cut along the middle ventral line in froi^ of the pectoral 
fins and expose the heart, of which two chambers— a pink 
ventricle below and a red auricle above — are readily 
distinguished. 

Now gradually remove the flesh, consisting of zig-zag 
muscles, from one half the body so as to see the ribs, inter- 
muscular bones, and vertebral column. 

Remove the liones of the head so as to expose the white 
brain ; trace this backwards, and note that it passes into a 
narrower white spinal cord penetrating the vertebral column. 

Draw the fish with the above-mentioned structures 
showing. 

Remove the vertebral column : examine and compare a 
vertebra («) in the tail, (^) in the trunk region. Draw. 

When a suitable opportunity arises for examining many 
different kinds of fish, make a careful examination looking 
out especially for differences in the shape, colouration, 
scales, teeth, tail, position of paired fins, dorsal fin (whether 
one or two), presence and number of spines or rays, or 
both. 

A sole (or plaice) and an eel may well l)e examined to 
jjlustrate adaptation to environment. 


EXERCISES. 

1. Give an account, with drawings, of any fish, describing 
both the external and internal structure. 

2. Describe what structures fishes usually possess and how 
they are thereby fitted for an aquatic existence. 

3. Give the life-history of a brown trout. 



CHAPTER X. 


FROGS, TOADS, AND NEWTS. 

The Frog.— We pass from fishes to some vertebrate 
animals which, in their earlier .stages, resemble fishes in 
possessing gills and other structures adapting them for an 
aquatic life, yet differ from fishes since these particular 



V 

Fig. 6i.— Grass Frog. ( x x .) 

organs do not persist throughout life, but give place sooner 
or later to lungs and other characteristics of air-breathing 
vertebrates. The name Amphibia {amphi^ double; bios^ 
life) is given to these animals; a common grass frog 
{Ram tmporarid) will serve as an example for description. 
Appoarance.— The head, somewhat ^ttened from above 
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downwards, and triangular in shape, is not separated from 
the rest of the body or trunk by any constriction which we 
could call a neck. A tail is not present. Like a fish, the 
frog possesses limbs, — two fore-limbs at the front end of the 
trunk, and two at the hinder end — the hind-limbs ; but the 
legs of a frog differ entirely from the fins of a*fish. 

T'he soft slimy skin is brownish, with black or dark-brown 
spots on the dorsal side, and whitish spots on the ventral 
surface. This colouring is, however, not constant, for the 
skin becomes almost black if a frog be kept in the dark, 
and assumes a light tint if exposed for some time to the 
full daylight. 

'There are no scales or hairs in the skin, the latter being 
kept moist by the secretion of moisture from certain cutaneous 
or skin glands. If two or three frogs be compared, the 
sppts on the skin will be found to vary in size, number, 
and position, with the exception of a large dark patch 
behind each eye, found only in the common grass frog. 
Upon this dark patch there is a circular area covered by a 
tightly-stretched membrane — the ear-drum or tympanic 
membrane. A frog has no external ear-flap, the drum being 
flush with the surface of the body and not at the bottom 
of a pit on each side of the head, — the condition found in 
most vertebrates, including man. 

^'he large prominent eyes cause two biilgings on the head. 
An upper eyelid is present and moderately well developed, 
but the lower eyelid is a mere fold of skin, continued into a 
thin transparent film — the nictitating membrane. The latter 
can be drawn upwards over the eye. 

Posteriorly the trunk is elevated into a hump which forms 
the sacral prominence. The vent is an aperture at the hind 
end of the trunk, between the junction of the hind-limbs. 

Mouth and Mouth-cavity.— A crescentic slit— the 
mouth— passes round the margin of the blunt snout. The 
mouth is bounded above by an upper jaw bearing teeth, 
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and below by a lower jaw devoid of teeth. On opening a 
frog’s mouth a wide cavity — the mouth-cavity— is exposed, 
containing a large, muscular, slimy tongue. Frogs feed 
upon small worms, slugs, and insects, catching the latter 
by rapidly darting out the sticky tongue and withdrawing 
it with the pr^iy adhering, 

'Fhe tongue ends in two lobes. Its attachment to the 
front end of the lower jaw subserves the process of feeding 
far more efficiently than if it were attached at the back of 
the mouth cavity — the usual condition among vertebrates. 



Vomerine Teeth 
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Fk;. 62. — Mouth-cavity of Frog. ( x 2.) 


'Fhc muscular tongue, the slit-like mouth and the excep- 
tionally wide gape are important: a frog is able to dart,, 
out its tongue w^ith great rapidity and over a wide range. 
Teeth are present upon two bones called vomers situated 
in the roof of the mouth-cavity. At the outer side of each 
vomer there is an opening — the internal nostril. A bristle 
passed into either aperture would pass out through one of 
the two openings on the snout — the external nostrils. The 
mouth-cavity passes into the throat behind, and this in turn 
leads down into the stomach. By opening a frog’s mouth 
and drawing forward the tongue, a slit-like opening — the 
glottis — can be seen in the floor of the mouth. 
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Breathin^f. — 'rhe aeration of a frog's blood is effected 
partly in the skin, partly in the lungs. Hence a frog dies if 
its skin be allowed to dry, as the skin cannot then perform 
its functions properly ; for this reason we find these animals 
can live only in damp, moist places. The resj)iratory move- 
ments of a frog may be seen by keeping a living animal 
under observation. 

In the first place the frog cannot breathe, as we can, with 
open mouth. 'The external nostrils alternately open and 
close, and the floor of the throat moves up and down. 
The first action resembles that of a suction pump, since the 
depression of the floor of the mouth, by muscular contrac- 
tion, causes the mouth-cavity to increase in size, and results 
in a flow of air through the open nostrils into the enlarged 
mouth-cavity. "Fhe nostrils are next closed and a force- 
piynp action ensues : the floor of the mouth rises, and since 
the throat ig practically closed, the air in the mouth-cavity 
is compelled to escape by the only course open— viz. down 
the glottis into the lungs. 

I'hus, during the “breathing-in” process or inspiration, 
there is first a suction-pump and then a force-pump action, 
'rhe reverse process — expiration— is effected by contraction 
of the elastic lungs and the opening of the nostrils at the 
same time. 

o Cold-blooded Animals.-— The frog, like all fishes, 
amphibians and reptiles, is .said to be “cold-blooded.” Our 
own blood, and that of bird.s, is warm— />. considerably 
warmer than the surrounding air. It would be better to 
speak of the temperature of our blood as constant, i.e, always 
the .same so long as we are in a normal condition and not 
unwell, since a self-acting mechanism depending upon the 
nerves maintains this uniform temperature of the blood. 
Cold-blooded animals do not possess such a mechanism, 
and so the temperature of their blood is not constant, but 
is dependent upon the temperature of their surroundings. 
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Jumping and Swimming. — A frog seldom crawls, but 
progresses on land by a series of short leaps. The short 
fore-limb consists of three portions — a proximal upper-ann 
nearest the body, a fore-arm, with a hand distally. The 
hand is provided with four fingers or digits, the thumb 
being practically absent. 'Fhere are no nails on the slender 
digits. The fore-limbs are used as props in the squatting 
position, and for holding down any food — e.g, a large wrig- 
gling worm — which cannot be swallowed at one gulp. Since 
the arms of a frog are short, they do not impede jumping 
movements. When not moving, a frog usually squats with 
the knees of the long hind-limbs directed forwards. A 
thicker proximal thigh is above the knee, and a more slender 
shank with well-marked “calf” muscle below. 

The foot is curious : there is a long ankle region without 
a proper “ heel ” ; also five toes or digits, of which the first* or 
innermost — corresponding to our own “big toe” — is short, 
the second is longer, the third still longer, the fourth the 
longest, while the fifth is of about the same length as the 
third. The toes, which have no nails, are united together 
by a thin transparent web of skin, thus rendering the 
hind-legs more effective in swimming. 

The “calf” muscle is especially important in Jumping. 
From it a tendon passes under the ankle and along the 
ventral surface of each toe. When the calf muscle contracts,* 
the bent leg is straightened and the foot exerts upon the 
ground an oblique backwardly-directed force. The body is 
raised by the straightening of the leg, and at the same time 
the reaction of the pressure produced by the foot is such as 
to throw the frog forwards and upwards. 

Vertebral Column. — ^The “back-bone” or vertebral 
column can be felt beneath the skin along the middle of the 
back. 

Habits. — The grass frog inhabits marshy places or the 
neighbourhood of ponds and streams, taking to the water at 
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the breeding season in early spring. Unlike the toad, frojgs 
never travel far from water. Salt-water is -fatal to frogs, and 
in consequence their eggs are not found near the sea-shore. 
Frogs have many enemies, including various birds, the fox, 
and the grass snake. During winter they may be found in 
a sluggish condition sheltering beneath some ikrge stone, or 
hidden in a dark, damp place where there is no risk of the 
skin becoming dry. At this period of “winter sleep” or 



. Fboto bj L A J Horn 

Fig. 63.— Brog spawn. 

the animal probably breathes entirely through 
its skin, the presence of life being hardly apparent By 
hibernating, frog- survive the cold weather and frosts of 
winter, which they cannot endure. In the spring they 
emerge to renewed activity, and breeding occure. During 
the ppiring season frogs produce a curious “ croaking ” sound 
by m”"” of two membranous structures— the “ vocal cords ” 
— situated in a chamber between the' glottis and the lungs. 

Beproduction and Development.— Frogs are dicwions 
—male and female— distinguishable by the somewhat larger 
size of the latter, and by the presence, in the male only, of a 
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cushion or pad on the under surface of the hand in the 
position of the ball of the thumb in ourselves. Towards the 
end of February or the beginning of March the animals 
take to the water, the female laying a great many — tooo to 
2000 — eggs, over which the male sheds a milky substance, 
thus fertilizing^ or impregnating them. The spherical eggs — 
black above and white below', and measuring about inch 
in diameter — are surrounded by a transparent jelly which 
sw^ells up enormously in the w'ater, thereby forming a pad- 
ding between the eggs ; the jelly also makes the eggs adhere 
in a large irregular mass called “frog spawm.” It is only 
necessary to attempt to pick an egg out of the mass to 
appreciate the protective value of the jelly. 

T'he changes undergone during development may be 
readily observed if some frog spawn be kept in an aquarium 
containing pond-w’ater and fresh-water weeds. 'Fhc egg.% if 
fertilized, increase in size, and, having become alpiost entirely 
bla(!k, elongate, and assume the form of little creatures with 
large heads, short tails, but no limbs. These wriggle out of 
the jelly and become attached to water weeds by means of a 
cement organ on the ventral side of the head. For a time 
these larvie remain sluggish, and do not eat, since the mouth 
has not yet formed. When the mouth is developed, they 
swim about actively by lashing the tail, and feed almost 
entirely u[)on vegetation, €,g, water weed, although they ^’ill 
also eat finely-cut meat, such as liver, which is easily torn 
away by their horny jaws, and they are even not averse to 
devouring their dead or sickly companions. 

External g^lls appear as three little branching tufts on 
each side of the head, and betwreen the gills are gill-clefts 
opening into the mouth-cavity. These dorsally-placed gills, 
containing numerous blood-vessels, act as respiratory organs 
for some time ; at a slightly later period in the development, 
the tadpole breathes by means of some ventrally-placed 
structures frequently called internal gills. The internal gills. 
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X. Eggs in spawn ( x i). 

9 , 3 , 4. Stages before hatching ( X i). 
5, 6. Tadpoles scM>n after hatching 
(X3). 7. Ta^ile with external 

gills (x 3). 8. Tadpole with mouth 

and growing operculum (X3). 

9a side view, and 9b ventral view, of 
a tadpole with internal gills covered 
by operculum (x 2). 10. Stage with 

hind-limbs growing ( X 3 ). x i. Later 
stage with foot-limbs also ( X 2). 

12. Stage about the period of 
metamorphosis ( x 2). 
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Fig. 64. —Stages in development of Frog. 
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unlike the external gills, are hidden from view by a flap of 
skin— the operculum— which grows back from the head over 
them, and encloses a “ gill- chamber ” opening to the exterior 
by a spiracle on the leftside of the body. When lungs have 
formed inside* the body the gills begin to shrivel up, and the 
animal corned periodically to the surface of the water to 
breathe air. While these changes are taking place the body 
has elongated considerably — head, trunk, and large flat tail 
with vertical fins being distinguishable. Soon a ])air of hind- 
limbs begins to grow out at the base of the tail, and rather 
later a pair of fore-limbs bursts through the operculum on 
each side of the body behind the head. 

As the limbs increase in size and their joints become 
distinct, the tail dwindles in .size, but has not entirely 
disappeared by the time the characteristic frog-like shape 
of the body is assumed, so that the animal hops out pn 
land as a frog with a little tail. 

From the time of hatching until this stage, the animal is 
called a tadpole, and resembles a fish in possessing gills and 
a median fln; at first it has no limbs. T'he tadpole feeds 
mainly on vegetables, and, like most vegetable feeders, has 
a long intestine, which can be seen coiled up like a watch- 
spring beneath the skin. When the young frog leaves the 
water and becomes carnivorous, the intestine gets compara- 
tively much shorter ; the homy jaws are replaced by b»ny« , . 
jaws and teeth, the cement organ disappears, and other 
important structural changes occur. The term “metamor- 
phosis” is applied to this series of changes in the development. 

As in the case of the fly, the body structure is altered in a 
marked manner in order to fit the creature for an entirely 
new mode of life. In this particular case a water-living 
animal — the tadpole — becomes perfectly adapted as a frog 
for life upon land. 

Adaptation to Environment.— Frogs Jay eggs unpro- 
tected by a shell, so that the habit of depositing in water 
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masses of these eggs as spawn considerably reduces the chance 
of the eggs drying up and thus being destroyed. It is well 
known that dark clothes absorb the sun’s heat much more than 
light clothes : similarly the black eggs, which need not only 
moisture and air, but also heat, have more chance of hatching 
out than if they were white. Again, the fact tRat the tadpoles 
remain in the water while requiring a herbivorous diet is 
easily explicable, since movement in water is possible with 
less effort than on land (owing to the buoyant effect of the 
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Fig. 65. — Kdilile Frug {^liana cscuicutd). 

water), and furthermore, .since vegetable food is more plenti- 
, fill in the .springtime in water than on land. The tadpole 
is thus adapted to its mode of life and diet by the presence 
of homy jaws, long intestine, powerful tail, lateral line (cf. a 
trout), and gills. 

When the tadpole becomes a frog and takes to living on 
land, its diet changes and the animal becomes modified in 
many respects. Thus the tongue becomes adapted for 
catching insects; the moist skin, lungs, and internal and 
external nostrils are fitted for respiration in air ; the long 
webbed hind-legs for swimming and jumping (the tail, 
which w’ould be hindrance in jumping, disappears) ; the 

B.Z. • o 
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bony teeth and jaws aid in the carnivorous habits assumed, 
whilst the colouration is obviously a device for rendering the 
animal less conspicuous among the grass of its swampy home. 

Kinds of Frogs. — The common British grass frog {/^atia 
temporaria) has a dark patch of skin on each side of the 
head behind thi^ eye. Another species of frog {liana 
esciilenta) is common on the Continent of Europe, and 
seems to have been imported into some parts of East 
England. This species is larger than our British species, of 
a bright-green or brown colour, and is used (like the grass 
frog) on the Continent for food. 

Toads. — T'hese harmless amphibians have always i^een 
maligned by superstitious people. They resemble the grass 
frog in most respects, differing only in minor details. The 
skin has a sombre colouring and numerous warty elevations 
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I'lG. 66.— Common 'J’oad vulgaris), 

occur over the whole body, one particularly large swelling 
behind each ear. The skin secretes a poisonous substance, 
which, no doubt, keeps off many enemies. A toad has no 
teeth ; its hind-legs, too, are not so long nor are the feet so 
webbed as those of the frog. The toad crawls more, 
jumping and swimming less than its relative, and hiber- 
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nates far from water — a fact which implies that the skin 
is not so important for respiration during this period of 
inactivity. 

Essentially nocturnal in habits, this valuable garden friend 



Plioto by L. n J llnrii. 

Fi(i. 67. —Toad .%pawn. 


eats slugs and many insects which are harmful to orchards. 
That trxids are venomous is an erroneous view which pro- 
bably had its origin in the rapid movement of the tongue 
when the animal is feeding. 

•Toad spawn is laid in two long strings, not in an 
irregular mass : the elastic gelatinous strings, containing rows 
of black eggs, are tangled among water weed. The species 
found in Britain are the common toad {Bufo vulgaris) and 
a rarer form, the “ natterjack (Bufo caiamita\ which is dis- 
tinguished by a yellow or white streak down the middle of 
its back. 

Newts or Efts. — These amphibians arc quite common 
inhabitants of our ponds and streams, where they usually lie 
hidden amongst the grass at the margin of the water. Fine 
sunny weather attracts them into the open, when they 
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swim actively about, aided in this movement by a long 
vertical oar-like tail fringed with a fin. Though the four 
short limbs arc not adapted for rapid movement on land, 
yet much of their existence is terrestrial and devoted to 



i'enudc 

CRESTED NEWTS 




COMMON NEWT 

Fig. 68. — Crested Newts and Common Newt. (x|.) 

seeking for food, e,g, earthworms, centipedes, insects, and 
slugs. 'Fhe dorsal surface of newts is always darker than 
the lower, often brilliantly yellow-coloured, surface. The 
white eggs are laid by the female and wrapped carefully by 
means of her hind-legs in the leaf of some plant growing in 
the water. 
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Three species are found in Britain : the common newt 
{Molge vulgaris) has olive-green back and sides, with orange 
markings ventrally, the male having a wavy crest with 
saw-like margin continuous along the back and tail ; the 
great crested newt (Moige cristatus) may attain a length of 
more than five inches, and in this species the serrated 
crest of the male diminishes at the end of the trunk but 
increases again along the tail ; and the palmated newt 
{Molge palmatus\ smaller and rarer, not more than three 
inches long, the male of which has webbed hind-feet when 
the crest is developing. 

PRACTICAL WORK. 

'I'here is no difficulty in obtaining frogs during the summer 
upon marshy land or near a brook. The frogs, if they are to 
Ido kept for a day or two, should be placed in a moist place 
where insects and worms are to be found, eg. under a 
tomato or cucumber frame. Do not leave a frog in a dry 
atmosphere where the skin may become dry, otherwise the 
animal will die. 

Watch a frog swimming, jumping, feeding, breathing. 
Notice the colouration of the body, the head with large 
bulging eyes, nostrils, ear-drum on a dark patch of skin, 
wide mouth, tongue, etc. There are no scales in the 
soft slimy skin. Observe the sacral prominence, short forc- 
linfbs, long hind-limbs, absence of tail. 

Count the digits on the hand and foot. See the webbed 
feet. 

'Po observe the frog's dcvelojmient, collect some frog 
spawn, which may be found near the margin of ponds 
during March (or at the end of February in warmer i>arts 
of England). Place the spawn in a large bell-jar or other 
clear vessel along with some rain- or pond-water. Gather 
a few fresh green water- weeds from a pond and allow these 
to float upon and almost cover the surface of the water. 

Place the bell-jar near some window' w'here tlie light is 
not very pow'erful — otherwise the development will proceed 
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too rapidly. Examine the spawn from day to day, and note 
the changes described above by which tadpoles are hatched 
and grow by degrees to be about li inches in length. Feed 
them from time to time on small pieces of raw liver. 

A piece of bark or cork should be placed on the surface 
of the water whtn the tadpoles show .signs of metamorphosing, 
viz. when the limbs are formed and the animals keep 
coming to the surface to breathe air. 

In about four months from the time of hatching, some of 
the tadpoles (with tails decreasing in size) may be exj)ected 
to climb on to the cork as little tailed frogs. 

Toads are readily distinguished by the warty skin, which 
u.sually presents a dirty appearance. 

Compare a toad and a frog. 'Phe spawn of a toad consists 
of long strings of jelly containing black ejgjs. If you are 
fortunate enough to find some toad spawn, allow it to 
develop along with the frog spawn, and sec that the toad 
larvm are blacker than tadpoles and do not possess the same 
yellow freckled skin. 

Newts may also be found (in March or April) hidden in 
the floating grass round the mai^in of a pond, or the white 
eggs (wrapped singly in leaves of water plants) may be 
easily hatched in gently running water in a sunny spot. 

The little larvje have prominent gills and, later, legs also ; 
they are extremely interesting. 

EXERCI.SE.S. * 

1. How does a tadpole differ in structure from a frog ? 

2. Compare together a fish and an amphibian, giving the 
distinguishing characters of each. 

3. Describe the metamorphosis of the frog. 
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TORTOISES, LIZARDS, AND SNAKES. 

Tho Tortoise.— This animal is not a native of Britain, 
but is familiar to most of us, since it is imported largely to 
be sold as a garden pet. It is therefore not difficult to buy 
a live tortoise, whereas a viper, lizard, or slow-worm, although 
meeting our requirements better, is not, perhaps, so readily 
obtainable.. 



Fig. 69. —Greek Tortoise, (xj.) 


Carapace and Plastron.— A tortoise appears at first 
sight to have a shell into which the body can be entirely 
withdrawn through openings in front and behind. This 
idea is wrong. The body is really covered with scales 
which originate in the skin, and can be seen on the head, 
neck, or legs. 
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Beneath the scales on the back and sides the vertebral 
column and the miich flattened ribs have all joined up to 
form a dish-shaped carapace. On the under side of the 
body a fusion of bones has resulted in a flat structure called 
the plastron, of which the edges lit all round against the 
margin of the carapace, leaving only an opening in front 
through which the head and fore-limbs may be protruded, 



Flu. 70* —A* Carapace and portion of vertebral column of Tortoise (ventral view). 
B> Plastron (dorsal view), (x^.) 

and an opening behind, through which the tail and hind- 
limbs are pushed out. 

Tortoise - shell. — The incompletely-closed dome-like 
structure framed by the carapace and plastron is covered 
with a plate of fused, enlarged scales — a layer known as 
tortoise-shell— frequently used for making combs, etc. 
The dorsal scales are arranged in three longitudinal rows 
with another row around the margin. 
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Head, Neck, Tail, and Legs.— The head is triangular 
if viewed from above; the eyes, situated on the outwardly- 
slanting sides of the head, are small, and have upper and 
lower eyelids; a transparent nictitating membrane which can 
be drawn over the eye from its inner angle, is also present. 
The mouth is crescentic, the jaws being Covered with a 
homy beak, hence no teeth or fleshy lips are present. A 
pit leading down to the ear-drum is present on each side 
of the head. The external nostrils are situated a little 
way above the mouth. In its diet the animal is almost 
exclusively vegetarian. Tame tortoises will feed with relish 
upon dandelion and other plant leaves, clipping off pieces 
with their horny beak, aided by a rather short tongue. 

The scaly skin on the neck, fore-limb, and hind-limb 
regions is very loose and flexible, in order that the head and 
limbs may be readily protruded or withdrawn. A tortoise’s 
movement, is slow and clumsy, the limb joints appearing 
ill-defined. The ungainly feet are armed with blunt claw.s — 
five on each fore-foot and four on each hind-foot. The name 
reptile [repo^ to creep) applied to tortoises, lizards, snakes, 
and crocodiles doubtless originates from the creeping method 
of locomotion, the limbs being either absent altogether 
(as in snakes and .some lizards), or so .short and weak that 
they do not raise the body much above the ground. 

^Habits. — Tortoises are diurnal, />., they go about in the 
daytime in search of their vegetable food : they prefer warm 
weather, and thus the climate of England is unsuitable. 
Towards the end of autumn these creatures seek some hole 
where they can hibernate through the winter. Like other 
reptiles they are cold-blooded, and breathe by means of 
lungs : they lay large eggs covered with a w^hite shell. 

The means of defence are of a passive nature,— -the animal 
seeking safety by withdrawal under its carapace. A remark- 
able feature is the duration of life, some tortoises living more 
than fifty years. 
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Kinds of Tortoises. — Of the two kinds of tortoises 
usually imported -into this country, the Greek variety 
{Testudo graca) is perhaps the more beautiful, having a 
single large black spot on each scale above the carapace 
and a dark blotched area beneath the plastron. The 
Moorish tortoise (Testudo ibera) has black markings 
irregularly arranged. 

Reptiles. — We may here with advantage state some of 
the characteristics of reptiles which distinguish these animals 
from amphibians. In the first place, all members of the 
group require a warm or even tropical climate ; hence the 
number of species found in Britain, and even in Europe, is 
small. Reptiles differ from amphibians in never having 
gills ; in usually laying large shelled eggs ; in the possession 
of scales ; and in having nails or claws on the feet if limbs 
are present. Only six different kinds of reptiles are found 
in Britain, three species of snakes, and three, species of 
lizards. 

Lizards and Snakes. — It is, of course, easy to distin- 
guish a lizard with four limbs from a snake with none, but 
there are lizards which have no limbs, e,g. the slow- or blind- 
worm. We must therefore di.stinguish between a limbless 
lizard and a true snake. 

Lizards have movable eyelids, whereas in snakes the upper 
and lower eyelids are absent, the transparent third eyeKd 
being immovably fixed in front of the eye. Again, ear-pits 
leading down to an ear-drum are present on the sides of the 
head in a lizard, whereas a snake has no ear-pits or ear-drum. 
Further, the scales of a snake are not arranged so as to 
present a smooth surface, otherwise locomotion \vould be 
slow ; the tail too is usually short (viz. that portion of the 
body situated behind the vent) ; on the other hand, true 
lizards have a smooth scaly body and a long tail. 

We will now enumerate the British reptiles, and give a 
brief description of each. 
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Common Lizard. --This hardy little animal is found 
throughout Britain, occurring more especially in moist, 
sunny, sandy places. 'Fhe body is covered with scales, a 
mosaic of shields covering the head. The total length of the 
lizard does not exceed six inches. 'Fhe brown or reddish 
dorsal surface has dark spots, especially in flie middle line 
and at the sides. 'The ventral surface is orange or red in 
the male, and of a yellow tint in the female. Black spots 
are usually present on the under surface in both sexes, 
though these may be absent in the female. 

'Fhe shy harmless creature feeds upon insects, snails, and 
worms, retiring for the winter into some hole or recess at the 
approach of cold weather. 'Fhe limbs — two pairs — each 
bear five fingers or toes, all ending in claws. The limbs 
have a “sprawling"' arrangement, owing to the fact that the 
knees point outwards, not forwards as in a horse or dog; 
hence the, body is not lifted clear of the ground. 

'Fhe head is flattened and roughly triangular, with the apex 
directed forwards. A short neck is followed by the long 
rounded trunk, which passes into a very long tapering tail. 
'Fhe scales on the ventral surface of the trunk are large 
and arranged in longitudinal rows ; the scales on the tail, 
also much larger than those on the back, are arranged in 
regular rings. There are two small nostrils near the tip of 
tVfe snout, and a large mouth around its margin, each jaw 
possessing a row of small teeth. Upper and lower eyelids, and 
also a nictitating membrane, are present. 

Owing to the fact that the young are born alive — the vivi 
parous condition — the common lizard receives the technical 
name Lacerta vivipara. 

Sand Lizard {Lacerta a^ilis), A species which is of 
somewhat rare occurrence in Britain. Being especially 
fond of warm, sandy places, it is practically confined 
to the South of England. The specific term afi^ilis'' 
applies to the quick movements which a sand lizard can 
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perform, especially after basking in the sun for a time. 
The male has a ground colouring of green, whereas the 
female is of a more sombre brownish hue. The black 
markings produce a longitudinally striped appearance. 

Five to eight white soft-shelled eggs arc laid in May or 
June ; these are deposited on the ground under leaves or 
other protective covering and left to hatch in July or August. 
A much larger green lizard {Lacerta virtdis) is found in 
Jersey and on the Continent of Europe. 



71. — Sami Ta/artl. 

Slow- or Blind-worm {Angids fragilis), — 'I'he popular 
name for this limbless lizard is entirely misleading. Occur- 
ring in the rocky wilder parts of Britain, this animal can 
move silently and rapidly under stones, dead leaves, and 
the like. Harmless and of a retiring nature (although active 
mainly in the daytime) it feeds upon slugs, insects, and 
worms. 'Fhe slow-worm may grow to be a foot in length, n:)f 
which the tail forms nearly one half, the transverse slit-like 
vent marking the end of the trunk region. The small scales 
appear to be very regularly arranged in longitudinal rows along 
the body. The colouring is not quite uniformly greyish- 
brown, the ventral surface being of a lighter shade, with a 
few almost black lines traversing the body longitudinally. 

The bead-like eyes, protected by upper and lower movable 
eyelids, are very obvious in the living animal : it has been 
suggested that the name “ blind-worm ” owes its origin to the 
presence of eyelids, which in dead specimens would conceal 
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the eyes. Snakes, on the contrary, have no eyelids. The 
ear-pit, although present on each side of -the head, is almost 
covered by scales and is thus difficult to find. 

Backwardly curving, small, fang-like teeth are present, yet 
the reptile is quite harmless. The tongue is bluntly forked 
and spatula-shaped : it is constantly being ^protruded and 
withdrawn while the creature feeds — a practice which may 
have given rise to the view that it was poisonous. 

A remarkable characteristic of the slow-worm and other 
lizards is its power of mutilation. The reptile can stiffen 
itself by muscular contraction when captured, and a twist is 
then sufficient to snap off the tail. Other lizards adopt 
this means of protection also — leaving the tail in a pursuer’s 
grasp, only to develop a new tail within a very short period. 
Slow-worms winter underground in a warn\, dry place. 



Fig. 72. — Slow-worm. (x*.) 


Grass Snake ( Tropidonotus natrix). This animal may 
attain a length of three feet, and is the largest British snake. 
The ground colour is olive-green or brown dorsally, grey or 
whitish ventrally, with a black collar behind the head, and 
rows of black spots along the body. At the end of the long 
flexible trunk there is a short tail behind the transverse slit- 
like vent. Nineteen longitudinal rows of prominent scales 
may be counted on the back and sides of the body, whereas 
a single row of wide scales protects the ventral aspect 
(ventral shields). 
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The head is not flattened like an adder’s ; the animal, 
like all snakes, as distinct from lizards, has a row of scales 
along the upper jaw beneath the eye. The triangular head 
is covered by large shields in front and small scales behind. 
The prominent eyes are protected by a circular patch of 
transparent skfti (third eyelid). T'he wide mouth contains 
recurved fangs and a forked tongue. 

Grass snakes are good swimmers, usually frequenting 
meadows along the banks of a stream, and found widely 
distributed in Britain. Although frequently hissing or 
fussing about, they are perfectly harmless and never bite. 




Photo by J.. R. J. Horn 

Fig. 73.— Grass Snake. 

• 

The food consists of frogs and fishes, and since this food 
gives rise to a stretching of the mouth and slow swallowing 
of the prey, the glottis is situated a long way forward in the 
floor of the mouth-cavity and may even be protruded from 
the mouth while a frog, is being eaten. Being a true 
“snake” there is no ear-pit present. 

The periodical casting of a coat, which is formed by the 
fused outer homy layer of the scales, is known as “ slough- 
ing,” the reptile turning the transparent slough inside out as 
it wriggles from it. 


T 


* 
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The long flexible body is well adapted for rapid move- 
ment over a rough ground, and legs would be an impedi- 
ment rather than a help in locomotion. Similarly in the 
lizard the long rounded body is adapted by its shape for 
swift, silent movement among blades of grass or among 
heather. 

Smooth Snake (CoroPiel/a Itevis). The Smooth Snake 
is confined in this country to the dry regions of Dorset and 
Hampshire. Unlike the grass snake and adder, this reptile 
has scales without any ridge or keel. I'hough like the 
adder in size (rather less than two feet in length), the 
species is readily distinguished by the markings,— a dark 



Fig. 74. — Viper, (xj.) 

blotch on llie neck, with two series of brown spots along 
the back. Nineteen longitudinal rows of scales are present 
on »the back and sides, as against twenty-one rows on the 
viper. As in other snakes, the row of ventral shields on 
the under side of the body and the characteristic “stony 
stare ” are observable. The head is covered with large 
shields. 

The smooth snake, unlike the adder and grass snake, 
crushes its prey; it feeds upon mice and lizards. The 
■ young, about six at a birth, are born alive. 

Adder or Viper {Pelias derus). This viviparous species 
occurs in the wilder dry regions of Britain, often being met 
with on moors. The flattened head, covered with small 
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scales, and the dark, zig zag stripe along the middle of the 
back, are specially^noticeable. The body is black or brown, 
though somewhat variable, and there is a blotch on the head 
with two backward extensions ; the male usually differs from 
the female in having deeper markings on a lighter back- 
ground. • 

The viper attains a length of two feet ; its bite is poisonOu.s, 

and may be even dan- 
gerous. Two larger 
teeth in the upper jaw 
form poison-fangs ; they 
are provided with a 
canal, along which 
poison from a special 
gland at the base of 
the fang travels to the 
tip and ^enters the 
wound inflicted. 'Fhere are scales (not shields) on the 
back of the head. 

Vipers hunt their prey, chiefly mice, by night, only seek- 
ing open places during the day in order that they may 
bask in the sun. As in the case of other snakes, hibernation 
occurs during the winter. 

Adaptation to Environment.— The colouration of 
reptiles and their stealthy movements are of great protec- 
tive value. The teeth, tongue and lips of the different 
species are closely related to the particular diet. All 
reptiles are cold-blooded and have lungs for breathing; 
the skin is protected by scales which do not form a warm 
covering for the body. Being of shy, retiring habits, few 
reptiles have much need of organs for defence. The shell, 
with which the eggs are provided, prevents the latter from 
becoming dried up in the warm climates which reptiles 
prefer. 



Fig. 75. Head of Viper, showing poisoiwfang. 
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PRACTICAL WORK. 

• 

Procure a tortoise — probably the only reptile moderately 
easy to obtain, since tortoises are sold as pets. See the 
animal when retracted under the arched carapace; also 
when’ the head and limbs are pushed out, and the tortoise 
is moving rather clumsily along. • 

Notice the shape of the head, the nostrils, homy beak, 
scales, tail, carai)ace, and plastron ; observe the dark 
markings on the horny covering of tortoise-shell. 

The* limbs bear blunt claws for digging up soil, but 
these are useless for defence. 

Watch a tortoise feeding on dandelion leaves or other 
suitable vegetables. 

It is not likely tliat you will be able to catch a grass 
snake, smooth snake, viper, slow-worm, common lizard or 
sand lizard, but dead specimens of these, mounted in 
methylated spirits, are sold by dealers, or they may be 
examined in a natural history museum. 

If you have an opportunity of seeing any of these reptiles, 
notice particularly the colouration, shape of body, jaws, 
teeth, eyes, and length of tail. 


EXERCISES. 

1. Compare and contrast a lizard and a snake. 

^ What is a reptile? How does it differ from a fish and 
from a frog ? 

3. Write a .short essay on British reptiles. 


K.z. 
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THE COMMON DOVE-COT PIGEON. 

Perhaps the first feature about a common dove-cot pigeon 
that would appeiil to a child is the covering of feathers, and 
it is the possession of these structures which distingui.shes a 
bird. 

AppearanCB.— The colouring is of an almost uniform 
bluish-grey, with puri)le and green tints on the neex 
and upper part of the breast; the wings may have dark 
bars upon them. The body is divided into head, trunk, 
and tail regions, with a freely flexible neck ; the contour 
of the body is much altered by the presence and arrange- 
ment of the feathers, a plucked pigeon having practically no 
tail region. The mouth is provided with a beak formed of 
upper and lower jaws encased in horn-; a rather long, 
pointed tongue is present, but no teeth. At the base^ of 
the upper jaw, viz. where the latter joins the head, the two 
slit-like external nostrils are overhung by a bare fleshy iiatch 
of skin— the cere. 'I'he eyes are large, strongly curved, and 
protected by an upper and a lower eyelid ; a. translucent third 
eyelid, which can be rapidly drawn over the eye, is present 
also. Behind and rather lower than the eyes are situated the 
openings of the ears. There are many people who would 
declare that a bird has no ears,— this is probably due to the 
fact that the opening of the pit or tube leading down into the 
ear is not conspicuous, being concealed by feathers, which, 
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if pushed aside, display a hole on each side of the head 
leading into a passage terminated by the ear-drum. 

Just as a horse, frog, or lizard has four limbs, the same is 
true of a pigeon, since the wings are really modified fore- 
limbs, with upper-arm, fore arm, and hand quite distinguish- 
able. The fact that the wings bear long quilt feathers helps 





By penniuion of "The Peethered World" 

Fig. 76.— Rock Doves. 


Still further to conceal their true nature. The wings of a 
pigeon are moved by very powerful muscles that may be felt 
on the breast. Tlie muscles are attached to a strong ridge 
of bone in the middle line of the breast or pectoral region. 
The tail of a plucked pigeon appears as a short prolongation 
of the trunk ; near its tip on the dorsal side an oil-gland 
opens, the fluid secretion of which is used by the bird for 
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“ preening ” its feathers. At the posterior end of the trunk 
a vent opens at the base of the tail. 'The legs — the true 
hind-limbs — consist of thigh, shank, ankle, and foot regions, 
the feet and ankles bemg covered with scales instead of 
feathers. Thfere are four digits or toes, each ending in a 
blunt claw, arid protected beneath by pads. 

Feathers. — The process of plucking a pigeon will reveal 
the fact that the feathers are arranged over regions of the 
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Fig. 77.— (i4) Quill feather, (B) Down feather, and (O Filoplume. 

body known as feather tracts, with intervening regions — 
featiierless tracts ; in most birds the latter are more distinct 
than in the pigeon. Since the feathers are long enough to 
overlap and thus cover the featherless tracts, the body 
appears to be enclosed in a soft light coat, which does not 
conduct heat well and so keeps the heat within the body. 

Of the three kinds of feathers, the most numerous and 
longest are the contour feathers, which cover the head, 
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neck, trunk, and tail, and pass on to the limbs ; they par- 
ticipate to a great extent in deciding the shape or contour of 
the pigeon. Of the contour feathers, some on the wings and 
tail — the quills — are especially long and strong, the former 
enabling the bird to fly, while the latter act like a rudder or 
steering organ in the air ; a layer of covert feathers prevents 
air from passing between the bases of the quill feathers. A 
typical feather consists of a hollow stalk and a flattened 
vane, the latter comprising a solid axis, with delicate branches 
or barbs passing off on each side. Scattered among the 
contour feathers at the base of the legs and wings are soft, 
small down feathers, while still smaller filoplumes— rather 
like the fruits of a dandelion — are left on the body after 
the bird has been plucked. 

Flight. — In one respect, at least, most birds surpass human 
Ijeings, in that they are constructed for aerial life. The fore- 
limbs are modified to form wings : the powerful quill feathers 
are arranged in a series on the posterior edge of the wings, 
the inner side of each feather lying under the outer side of 
the feather next to it and nearer the body ; when the out- 
stretched wings are depressed a large resistance is offered 
to the air on account of this arrangement of the quill 
feathers, and the resulting reaction lifts the bird and 
carries it forwards. The concave surface of the under side 
of •each wing presents the best possible mechanism for 
producing this upward and forward movement wdien the 
wing is depressed by the powerful breast muscles. On the 
contrary, the shape of the upper surface of the wing and 
the fact that in the upraising of the latter the air can pass 
freely between the feathers, results in little resistance, and so 
in this action the forward movement of the bird is but little 
retarded. Change of direction is produced by the increased 
action of either wing and also by the movement of the tail 
to one side or the other, exactly on the principle of a ship’s 
rudder. A remarkable auxiliary of a bird’s flight is the 
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internal structure of the body, the lungs being continued 
into large spaces or air-sacs, which even pass into the bones 
of the body in the case of nearly all flying birds. 


Coverts 



ofwin^ 

Fig. 78 .— a , Dorsal convex surface of a wing. A Heron in full flight ; note llie 

deeply concave under surface of the wings. 

Thus there is a large amount of warm air in a bird’s body, 
rendering it buoyant : and further, the movement of the 
wing muscles causes air to be driven from the air-slics 
through the lungs and 7nfe versa, thus effecting respiration. 

Habits. — The pigeon, like most birds, is able to produce 
characteristic sounds--the “cooing” of pigeons or doves to 
one another is the counterjiart of the song of a lark or 
blackbird. The special organ for producing sound in birds 
is known as the syrinx, a structure located at the base of 
the windpipe — t,e, the passage which conducts air from the 
mouth-cavity to the lungs. The pigeon has a beak adapted 
for picking and eating seeds — virhich are stored up in a part 
of the alimentary canal known as the crop. It is easy to 
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distinguish this chamber just above the breast of a well-fed 
pigeon or fowl, since the seeds of corn may be actually felt 
through the skin. 

Another feature of the pigeon not yet m^^t with in the 
preceding animals is the possession of warpi blood. 'The 
keen sight of a pigeon doubtless compensates for its feeble 
sense of smell, a faculty 
poorly developed in birds. 

The female pigeon lays a 
pair of perfectly wiiite eggs 
in a rough nest of feathers, 
etc. Unlike reptiles, birds 
do not leave their eggs to 
be hatched by the sun, but 
“ brood ” over them— />. 
tover the eggs with the body fic. 79.-Egg of Pigeon (x i). 

and thus keep them at a 

temperature of about 38-40** (100° F.). A pigeon broods 

for fourteen days. At the end of the period of incubation 
the young pigeons break through the shell and hatch as 
nestlings covered with a fine do>vn. 'Phe parents feed them 
at first on “pigeon's milk” —a white milky fluid secreted 
from the crop. The nestlings of birds such as pigeons, 
which are hel])lcss on hatching, usually blind and almost 
featherless, are called “altrices.” 

Varieties of Pigeons. — ^'Phe description which has been 
given applies in the main to all pigeons, but the colouration 
in parti(!ular is that of one sort or variety of domestic 
pigeon known as the dove-cot pigeon or “ blue rock.” T’here 
are, however, many different varieties of pigeons produced 
by the artificial selection of man— pouters, fantails, 
carriers, tumblers, etc., as will be understood by an 
inspection of Fig. 80. 

'Phe varieties of pigeons are illustrative of a very important 
principle known ’ as arti^cial selection. It is common 








I THE COMMON DOVE-COT PIGEON 


I2I 


knowledge that the offspring of all animals tend to resemble 
their parents in outward appearance, more especially as 
growth proceeds, — a phenomenon expressed by the adage, 
“ Like father, like child.” Now', on considering any family, 
we can distinguish the children from one another — that is 
to say, a certain amount of variation occurs among the off- 
spring of two particular parents. This phenomenon is the 
same among lower animals, though not perhaps discernible to 
most of us. 'Fhe experienced shepherd can distinguish each 
member of his flock by little differences in appearance. In 
like manner pigeon-fanciers have noticed variations among 
pigeons, and have selected for generation after generation 
those birds which they considered most nearly perfect from 
their point of view'; in other words, only birds w'ere used for 
breeding which ajjproached most nearly to a certain artificial 
fftandard of selection. Since different fanciers w'ould have 
different views, so the result of artificial selection through 
many generations has resulted in a number of varieties of 
the pigeon, which show certain characteristics in a degree 
which is patent to us all. The results of artificial selection 
are associated with domesticated animals only ; w ild animals 
have been subjected through countless ages to the action 
of Natural Selection — a process not regulated by man, 
but by Nature herself. 

Adaptation to Environment.’— I'he pigeon’s beak and 
tongue are fitted for the food it eats, the feathers keep the 


Centre-Rock Doves, 
r. Carrier. 

2. Pouter. 

3. Almond Tumbler. 

4. Trumpeter. 

3. Barb. 

6. Fantail. 

7. Jacobin. 

8. Capuchin. 

9. Dracoon. 

10. Moden.*!. 

11. Scandaroon. 

X2. Turbit. 

13. English Owl. 


14. Nun. 

15. Mottle Tumbler. 

16. Saddle Tumbler. 

17. English Beard. 

18. Baldhead. 

19. Runt.^ 

20. Magpie. 

21. Show Homer. 

22. Archaneel. 

23. Oriental Roller. 

24. Norwich Cropper. 

25. Cumulet. 

26. Tippler. 

• 27. African Owl. 


28. Working Homer. 

29. Mane. 

30. Domino. 

31. Oriental Turbit. 

32. Blondinette. 

33. Satinette. 

34. Shortfaced Antwerp. 

35. Priest. 

36. Fairy. 

37. Frill back. 

38. Swallow. 

39. Suabian. 

40. Fire Spot. 
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body warm, the legs and feet are important in perching, 
and the wings enable it to adopt an aerial existence, 
thus safeguarding it against many land animals. Of the 
wonderful adqptations of birds in general as regards coloura 
tion, the stru(;ture and appearance of the nests, eggs and 
nestlings, in addition to their migratory habits and power of 
song, we shall speak in the next chapter. 


PRACTICAL WORK. 

Dove-cot pigeons are generally so tame that one may 
approach and feed them. 

Thus the appearance —in jKirticular the colouration, head, 
neck, trunk, tail, feathers, wings, and legs covered with scales 
may readily be observed ; also the beak, cere, nostrils, etc. 

(Contrast the appearance of a living bird with that of a 
plucked pigeon, fowl, or pheasant. Notice in the dead birtl 
the ear-pit ordinarily concealed by feathers, the eyes, eyelids 
and nictitating membrane, the tongue, absence of teeth, 
regions of the wing, and the legs with clawed digits, the 
breast-bone, the food in the crop, the oil-gland, vent, feather 
tracts, featherlcss tracts. 

From the feathers of a plucked pigeon pick out and draw 
a contour feather, a down feather, and a filoplume. 

At the window of any pigeon-dealers shop you will have 
an excellent chance of seeing how various breeds of pigeons ^ 
differ from one another. 



CHAPTER XIII. 


MORE ABOUT BIRDS. 

Since birds provide a favourite study for naturalists, and 
.since, moreover, so much cun be seen and learnt from them, 
we may well devote a chapter to birds in general. 

Nests.— The nests differ widely as to both locality and 
structure. Generally speaking, a bird’s nest is constructed 
with much ,eare ; in some cases with astounding workman- 
ship. The locality is correlated with the food : thus lap- 
wings, curlews and larks have a nest on the ground, since 
they inhabit moorlands which are usually devoid of trees ; 
wagtails, sand-martins and kingfishers build near streams ; 
woodpeckers and sparrow-hawks prefer to make nests in 
woods. 

« 

The guillemot, however, is a sea-bird whicji builds no 
neSt, laying its single egg on the hard ground or upon a 
rocky ledge. 

lapwings take advantage of some hollow depression among 
tufts of gmss in a pasture, and lay four darkly speckled eggs 
difficult to distinguish from their surroundings. 

Blackbirds and thrushes lusually build in shrubs or trees, 
constructing a cup-shaped home which consists of hay or 
grass outside, and, in the case of the thrush, a lining of mud 
within. Such a water-tight structure undoubtedly suffers in 
very wet weather, since the falling rain cannot drain out, and 
the water-logged eggs become addled. 
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The wood pigeon constructs a simple platform of sticks, 
on which it lays two white eggs. Crows, sparrow-hawks, and 



Tlioto bf H M Mmoa 

Fig. 8i. —Nest and Eggs of Lesser Tern. 


many other birds use twigs and sticks for nest building. 
The chaffinch may be taken as a comrtxon example of the 
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more intricate housebuilder ; its nest, consisting of spiders’ 
webs, moss, and lichen beautifully interwoven, is lined with 
horse-hair. 

House-martins and swallows make a nest of mud collected 
from some puddle, the edge of a pond, or rive^bank. The 
mud is rendered more sticky and adhesive® by admixture 
with saliva. . Small soft feathers are used for lining the nest. 



Photo bj FIftUen, Mitborne * M'Koebaio, Ua 

Fig. 82.— Nest and Krrs of Gull. 

V ng piPis and the British long-tailed titmouse build a 
domed nest 

Kingfishers and sand-martins excavate a burrow in the 
sandy or muddy bank of a stream, and deposit a number of 
white eggs ; in the case of the martin the eggs are laid on 
the earth at the blind end of the burrow, whereas the king- 
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fisher makes a rough nest of bones and other hard parts of 
the fishes upon whu:h it lives. Though much constancy exists 
with regard to the locality of the nest, it must be borne 
in mind that the natural. possibilities of the breeding ground 
cannot, fail ter be. an, important factor: some birds usually 
accustomed t(# building in trees will construct a nest on 



Photo IqrH M Salmon 

Fig. 83.— Nest and Eggs of Lapwing. 


the ground when trees are absent. Again, the idiosyncrasies 
of individual birds have resulted in house-martins, tits, etc., 
building their nests in remarkable places, the pocket of 
an unused garment, letter-boxes, and the like. 

Eggs. — The egg is protected by a firm envelope of cal- 
careous material ; the shape is roughly oval, tapering more 
rapidly at one end than at the other. This last feature is 
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most accentuated in the eggs of wild birds like sea-gulls and 
guillemots nesting upon ledges of rock; again, lapwings, 



riintn. Iiy II M Mmon. 

Fuj. 84. —Hedge-Sparrow’s Nest wiih Kggs. 


curlews and other birds, which have a nest on the ground, 
lay eggs of this kind. If such an egg be rolled along a flat 
surface it will move in a circular direction. This beneficial 
proi)erty is instrumental in saving many eggs ; the wind may 
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set in motion a sea-gull’s egg, but will not blow* it off a 
rocky ledge ; a plover’s egg, also, may be slightly displaced, 
and yet it will not'roll out of the nest. 


I 



I 

Pbotu by II M Hftimoa 

Fig. 85.— Wren’s Nest. 


The number of eggs common to a species is commen- 
surate in general with the number of enemies the species 
has to contend with. 
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The colouration of eggs varies much, and this is closely 
connected with the nature of the nest. Some eggs are 
perfectly white ; some, like the hedge-s{)arrow’s and red- 



# ' 


I 


Photo by H M Mm 

Fig. 86.— Gold'Crest's nest. 


start’s, are deep blue; others, such as those of the 
grouse, plover, or sparrow-hawk, have large blotches ; 
buntings have eggs with streaked markings, whereas house- 
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martins, tits, and. song-thrushes have delicate spots on 
a luiiform background. No doubt, as our knowledge of 



Fig. 87.— Egg of Sand-Martin (xi). 
Tne white egg tapers more rapidly 
at one end than at the other. 


birds^ eggs increases, we shall 
correlate the colour of an egg 
with its chances of preserva- 
tion from injury. 'Thus, birds 
whose nests are such that the 
eggs will be in semi-darkness 
have eggs entirely white, or 


1 



Photo, by U. M. Solmon. 

Fig. 89.— Ringed Plover on ne-st. 


with a w’hite colour predominating, martins, kingfishers, 
owls, swallows, tits, etc. — the white appearance of the eggs 
precluding the possibility of injury by, the parents when 
returning to the nest. 'Fhen, again, the appearance of a 
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plover’s, curlew’s, or lark’s egg is in complete harmony with 
its surroundings, and so the eggs usually. escape detection. 

lastly, it would appear that, in many cases, when the eggs 
are brightly coloured, as in the case of the hedge-sparrow, 
thrush, and chaffinch, it is the nest which <iias been con- 
structed fjo as to be difficult to discover, Uy reason of its 



Plioto hj ir. M. Salmon 

Fig^ go , — Meadow Pipit at nest with young: ones. 


Structure, viz. the sticks of the hedge-sparrow’s or the inter- 
woven lichen of a chaffinch’s nest. 

Nestlings. — We noticed that the young pigeon is com- 
paratively helpless, and that it must be fed and kept warm 
by the parents. Such birds are together spoken of as 
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altnces. Sparrows and crows are absolutely featherless 
I “ -1 



TMioto n M Salmon 
Fk;. 91-— Young Jfickduw. 


when born ; pigeons have but little covering ; thrushes, 
however, have patclies of down feathers, known as “ nestling 



. 
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Fic. 92.— Ducklings. 


I’lKito liy CbM. Uebl 
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downs,” on the shoulders and head, whereas this covering 
is still better developed in owls. At a later date ' the 
contour feathers begin to develop, and it is a remarkable 
fact that as this goes on the down feathers are carried out 
on the tips of the feathers growing beneath'^ them, so that 

• 

, 

i 


L 



IMiiito bv Chan Keid 
Fii;. 9 Chickens. 


they are, as it were, pushed away from the body by the 
growing contour feathers. 

The yoting of some birds are able to feed themselves 
almost at tiic time of hatching. These are distinguished as 
prsBCOces, and have a plentiful covering of down feathers ; 
familiar examples are ducklings and chickens. In such cases 
the structures, which are of the first importance in getting 
food and escaping enemies, assert themselves soonest in 
development. The duckling’s wings are not prominent in 
the earlier stages, but rather the legs and webbed feet for 
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swimming, and the beak suited to its particular diet; in 
chickens, the wings -the means by which their remote 
ancestors escaped from enemies — grow (juickly, even though 
the adult may not be able to fly very well ; the beak for 
feeding and the feet for digging and perching, are also most 
prominent in '"early development. Another interesting 


r 



riiotM hy II Xl Salwnf 

Fig. 94. — Song Thrush and Sparrow. 


feature among young birds is the presence of stripes, 
chick, thrush, blackbird, — undoubtedly a protective coloura- 
tion device for saving them from enemies in their tender 
years, since the combination of dark and light stripes 

appear almost invisible at a short distance. 

An observer seeing a nest of young starlings, thrushes, or 
blackbirds for the first time cannot fail to be astonished at 
the large mouth of the nestlings (Fig. 91). The sides of 
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the mouth possess thick fleshy folds— usually of a bright 
yellow colour — ])rcsumably helpful to iha infant birds in the 
process of feeding, by preventing any food which the 
parents place in their beak from falHng out of the mouth. 

Beaks, Food, and Feeding. — 'Fhcre is d close relation 
between the beak of a bird and the natifre of its food. 
I'hrushes and blackbirds live on worms, snails, and 
fruit. 'Fhey need a beak with a point for extricating a snail 
from its broken shell, and at the same time strong enough to 
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hold a worm ; the beak is therefore like a pair of forceps, 
pointed and not very long. Such an organ would not serve 
a seed-eating finish or sparrow, as in these birds crushing 
power is essential ; hence, their beak is short \3Ut strong. In 
the hawfinch — which feeds on hard seeds — an arrangement 
exists in the mouth whereby the food is prevented from 
slipping out of the beak while being crushed, two little 
tranversely grooved knobs in the lower jaw working on each 
side of a similarly grooved long ridge on the roof of the 
mouth. 
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Swifts, swallows, and martins spend a good deal of time 
on* the wing, with mouth wide open to catch insects; 
hence they have exceptionally large mouths and weak 
short beaks which can be rapidly closed. 'Fhe sticky tongue 
also helps in ferapping the prey. 

A heron liv^^s on fish ; standing patiently in one spot 
for long intervals together it will suddenly dart its long 
dagger-shaped beak into the water and seize an unwary fish. 

The beak of a snipe or woodcock is particularly interest- 
ing. The upper jaw is longer than tftie lower, and so 
constructed that even when buried deep in mud the tip 
of the upper jaw can be raised a little. Moreover, nume- 
rous nerves pass to the upper jaw and render it very sensitive. 
Hence when a woodcock searches for its food by probing 
about in the mud, the upper jaw can feel the food and 
compress it against the lower jaw, and thus hold any 
insect or wwm while the beak is being withdrawn from 
the mud. 

We are all familiar with the beak of the duck, — flattened, 
with transverse ridges on the palate. 'Fhe duck pushes its 
beak into muddy water, and, by pressing the fleshy tongue 
against the grooved palate, contrives to hold any worms and 
insects, etc., while the water drains out. T'hus its beak 
is adapted as a strainer. ICagles and hawks have a hooked 
upper jaw for tearing flesh. The parrot uses its beak /or 
climbing. 

Feet, Neck, and Wings of Birds.— It must often 
surprise us to note the expert manner of a canary feeding, — 
picking up seeds, crushing them and differentiating husk 
from food by means of its beak alone. Some birds, e.^. 
the crow (and .some hawks), have short legs and use the 
feet for holding food, while they tear off pieces with the 
beak. The eagle has powerful claws or talons to help 
in this function. Many water-birds, ducks, etc., have 
webbed feet — a thin web uniting the toes — rendering them 
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p)owcrrul swimmers ; moreover, others which are expert 
in the water the coot and water-hen) havct long un- 
webbed toes. Parrots and cockatoos, as well as some 
hawks and owls, will stand on one; leg and hold their food 
up to the beak with the other — using their bekk like a hand. 
Grouse and the common fowl dig for thjir food, being 



Fig. 96. — Feet of various birds. 


provided with rather short, blunt, moderately spread-out, 
scaly toes for - tearing up soil ; often, too, they possess 
powerful spurs -for defence (pheasant and fowl). 

As we should expect, a wading bird, such as the heron, 
possesses rather long, well spread-out toes to prevent it 
from sinking into the mud ; the curlew — living on marshy 
land— has long legs, with correspondingly long neck and 
beak. Perching birds, e^. the finches, have short legs, and 
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in many climbers (parrots, wood-peckers) two toes point for- 
wards and two backwards, the pairs of toes grasping either 
side of a perch or bough. In the kingfisher, where the 
feet are little used, three claws are close together— not a 
useful arrangement for a bird which walks much. Hence 



Pboto bjjJ Odliarne l.oiig 

Fic;. 97. — Cockatoo feeding. 


we must conclude that there is a meaning in the shape of 
the beak, length of the neck and legs, and nature of the 
foot of birds. 

T'hat the wing has a relation to the habits may be inferred 
by comparing the small rounded wing of the sparrow or wren, 
which spend but little time in flight, with the elongated wing 
of the swallow and swift, which are almost ccjntinually in flight. 
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Colouration and Migration. — As a rule the female is 
of a much more sombre hue than her mate, and in such 
cases the young resemble the female in their first plumage ; 
when the sexes arc similar in colour, the young may either 
have a dull livery of their own, or resemble the' parents more 
or less closely. * 

'riie common sparrow, starling, and many other birds pre- 





'I 


Photo hy H M MnoB. 

Fig. 98.~House-Sparrows bathing. 

sent a seasonal colour change, the plumage in general being 
bright in the spring and dull in the winter. Many British 
birds migrate to other lands — some come in spring, breed, 
and leave us in the autumn, while others come in the autumn 
and stay only for the winter. Migration appears to depend 
upon the supply of food, and indirectly therefore on the 
temperature. Insect-feeders swallovrs and martins) 

can obtain plenty, of insects in Britain during the warmer 
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weather only : they leave for southern lands when this 
supply fails. Similarly, hard winters drive birds, accustomed 
to live in northern jmrts of Ilritain, further south. 'Thus, most 
of the summer birds, like martins, cuckoos, wagtails, warblers, 
winter in North Africa. 

Birds collef* in great numbers before migration, pre- 



IMiotn liyH III Salmon 

Fig. 99. ~ Young Oyster Catcher hiding. 

paratory to departure, and start their joumqy in the night ; 
although usually flying high, they escape the wind to some 
extent during a gale by flying low over the water. It is 
remarkable with what unerring instinct they make this 
journey and reach their proper destination, the younger, 
inexperienced birds in some cases journeying in advance of 
the parents. 
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' Song. — There are few of us— even the most unmusical 
and unpoetical — to whom the music of. our singing birds 
docs not appeal. Even a{mrt from the mere sound, we 
are recalled to some thought of what is beautiful in 
Nature. “ 

It has been already stated that in general ‘ihe males have 
a more brilliant plumage than the females, and this rule 
applies also to the power of song. We may safely conclude 
that in any species of singing bird, it is the male in which 
the accomplishmeftt is most perfected, and although many 
females can sing, it is more than probable that some in- 
feriority exists in their note either as regards loudness, pitch, 
or timbre. 

The importance of some distinctive cry is readily appre- 
ciated, if one thinks of the risks of loss to which a flock 
of migratory birds is exposed when travelling at top speed 
throughout ^dark, and often stormy nights. 

Moreover, in some cases, where migration does not 
occur, and where the birds are brightly coloured, there are 
practically no vocal talents. 

Hence recognition and distinction of the species or the 
sexes appear to be the main .secret of the brilliant plumage 
or the song of birds : the differences in vocal power to be 
met with in the different species must be explained in 
amnher way. 

At the courtship sea.son of birds, the males of species 
posse.ssing a bright plumage may often be seen displaying 
this, so as to appear^ most attractive; among singing 
species this is the period of greatest vocal activity; hence 
it would seem that the female acts at such times like a 
person in love : without even knowing why one particular 
male individual offers such an irresistible attraction, she 
succumbs to his attractive powers, whether they take the 
form of vocal effort, brilliancy of plumage, or other display. 
The greater this attractive power or love charm in the male, 
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the more readily will the female succumb to it and choose 
him for her mate. . 

Thus, the stronger the love charm the male possesses the 
more certainly will he f\nd a partner— whether the charm is 
due to song,* beauty of form or colour, or to any other 
fascinating characteristics. Hence we meet with sounds in 
birds ranging from the simple recognition note of the gull 
or rook to the varying note of a sand-piper expressing 
recognition, warning, joy, or grief ; thence to the birds with 
a call of frequent repetition woodjj^cker), so to those 
with a combination of various possible tones resulting in 
a long and affectionate chatter (warblers and starlings), 
until finally a continuous song consisting of numerous flute- 
like tones has been produced (garden warbler). 

This unrhythmical form of song has been substituted in 
the best singing birds by a succession and modulation of 
the simpler vocal sounds repeated rhythmically in the 
chaffinch, robin, thrush, and blackbird, and more especially 
in that most accomplished singer, the nightingale). 


PRACTICAL WORK. 

During your walks in the country, look out for the nests of 
different birds — note their structure, the eggs (the colour, 
size, and number), and so try to i:onfirm or disprove any 
statement made in the preceding chapter. 

See that a house-sf>arrow’s nestlings are devoid of any 
feathery coat (but they are hatched in a nest* lined with 
feathers which keep them warm) ; that young thrushes have 
a few down feathers on the head and shoulders ; that 
chickens and ducklings have a covering of feathers when 
hatched. 

See the wide gaping mouth, with thick yellow margin, of 
young thrushes and blackbirds. 

Compare the wings, legs, feet, beak, etc., of a chicken and 
a duckling. 
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, Make a series of observations (either in some zoological 
gardens, a museum, or elsewhere) of a great many different 
kinds of birds, noting in each case the shape and size of the 
beak, the length of the neck, the length and shape of the 
wings, the length of the legs and* the nature of the feet; 
correlate these observations with the diet and’mode of life. 

(Correlate in this way the structure cf beak, wings, neck, 
and legs, with the habits and food of a bird. 

Keep a diary, noting the first and last appearance of 
different kinds of birds which migrate during the year; also 
note which birds do not migrate. 


EXERCISES. 

1, What is meant by “prax:occs” and “altrices”? 

2. What is meant by adaptation to environment? Illustrate 
by reference to birds and their nests. 

. 3. (live a short account of the migration of birds. 
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SOME FAMILIAR MAMMALS 

Mammals- —The popular use of the term “animal” 
or “beast” instead of “mammal” to indicate a sub-division 
of the Vertebrates has already been noticed in Chap. VIII. 
We hear some people remark “such and such a creature has 
scales and is a fish or reptile, not an animal.” The truth is, 
of course, that beetles, flies, fishes, reptiles, birds, horses, dogs,* 
etc., are all animals. 

One of the noteworthy features of a mammal is the pos- 
session of hair on the body. Some few mammals, the 
whale, have scattered bristles on the lips only ; in some 
cases the hair may be of finer texture and called “fur”; 
in others wavy, as is the “ wool ” of .sheep. 

The hair may be very long in special regions of the body ; 
as, for instance, the mane of a horse or beard of a m^, 
whilst in the hedge-hog and porcupine the hairs become 
enlarged and form protective “spines.” Frequently the 
hairs may be of two kinds -the larger ones forming an 
outer coat, whereas short fine hairs, thickly, spread among 
the larger, form an under jur (seal, hedgehog). 

The two fore-limbs of a mammal may resemble or differ 
from the hind-limbs, but in practically all cases digits pro- 
tected by nails or claws are present on the limbs. 

Besides the . possession of hair, a distinctive feature of 
mammals is their method of nourishing the young. The 
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, latter are born alive (with few exceptions), hence no eggs are 
laid, and we speak of mammals as viviparous animals. In 
their early life the young are fed upon milk which is sucked 
from the breasts {mammce) of the mother. Hence the name 
“mammal.” 'fhe milk glands of the mother ^may, however, 
open on little projections or teats ranging , over the whole 
ventral surface of the body and not on the breast region only. 



; _ Photo, by Chas. Reid. 

Fkj. lOo." Wild Rabbits. 


^Mthough mammals differ from birds in being viviparous, 
yet both agree in the^possession of warm blood — hence birds 
have feathers, and mammals have a coating of hair, in order 
to keep tht heat in the body. It is interesting to find that 
in the whale tlic absence of a covering of hair is compen- 
sated for by the possession of a thick coating of fat or 
“ blubber.” 

General External Characters. —With few exceptions 
the body in mammals is rather darker above than below. 
A neck usually separates head from trunk, whilst the tail in 
many mammals is of little importance, and hangs down at the 


146 


FIRST BOOK OF ZOOLOGY 


posterior end of the body. Nevertheless, the tail is some- 
times useful in swimming (beaver, otter, whale), for climbing 
(monkey), in warm countries for protecting the body from 
the attacks of flies (lion, ox, bison, etc.), and in some cases 
aids the hind-!egs in supporting the body (kangaroo). Just 
as in birds, so also in mammals, we And that there is' a 
close relation between the length of the limbs and neck. 
For example, horses feed on grass and other vegetation and 
have long necks, since they require long legs for escaping 
enemies by swiftness ; sheep have horns for protection and 
usually have rather short legs, and since they feed on grass, 
only a short neck is recpiired. When cropping grass very 
close, sheep often shorten their fore-legs still more by 
bending up the distal end and resting on the “knees.” 

Prominent ear-flaps, with a imssage leading down to the 
ear-drum, usually project from the head ; a horse or wild rabbit 
may often be seen to turn the flaps in such a direction that* 
a sound may be more clearly perceived. 'I'he sense of 
hearing or else the sense of smell is well developed in most 
mammals. The whole skin is generally sensitive to touch, 
but many animals have parts of the body, lips, snout, 
whiskers of cat, pointed nozzle of mouse- modified to accen- 
tuate the sense of touch. 

The sight of some mammals is parti('ulariy good, the eyes 
being protected by upper and lower eyelids, upon which ; he 
hairs are specially long and form eyelashes. A third eye- 
lid — the nictitating membrane— is translucent, ue, allows 
some light to pass through, and may be drawn ‘ across the 
eye from its inner angle. 'Fhe nictitating membrane of a 
cat’s eye is nearly always in use during sunny weather : in 
ourselves, however, it is much reduced, persisting as a little 
red knob at the inner angle of the eye. 

Mammals are dioecious, the male being distinguished from 
the female in size, colouring, or it may be by the possession 
of horns, more hair, larger teeth, etc. 
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Breathing. — ^Just as we may feel the bony vertebral 
column of a cat or rabbit through the skin, so also may we 
feel the ribs in the anterior region of the trunk. The ribs 
mark off a special part of the trunk, -know'n as the thorax, from 
the abdomen. If the finger be pressed against the skin 
of a cat or rabbit, between the ribs on the- left side of the 
body, the beating of the heart is felt, — the heart being 
inclosed in the thorax along with the lungs. The stomach, 
intestine, liver, kidney, etc., are located in the abdomen. 
The structure dividing thorax from abdomen is a partition 
of tissue called the diaphragm. }3y the action of certain 
muscles, movements of the diaphragm and the ribs are 
effected ; the cavity of the thorax is thereby expanded ; air 
rushes in at the mouth or nostrils in consequence, and 
passes by way of the glottis into the lungs. Thus, breathing 
is effected by changes in the size of the thorax, the inspira- 
tion or “ breathing in ” of a mammal being of the nature of 
a suction-pump action. 

Feeding. — Mammals, in general, use their fleshy lips for 
grasping food, although the tongue frequently aids in feeding ; 
the rough tongue of a cat or a tiger a(^ts like a file in scraping 
a bone clean. 'The way in whi(!h a sheep or cow twists its 
tongue round blades of grass before clipping them off with 
its teeth is well known ; the fact that there are no front teeth in 
the upper jaw, those in the lower jaw biting against the gum 
above, is related to this ‘method of feeding. 

Teeth.— -'rhe mode of life —more especially the diet — 
reflects itself in the shape of the head, jaws, and teeth, ^\'e 
may classify mammals into (a) carnivorous, those feeding 
upon the flesh of other animals ; (fi) herbivorous, those feed- 
ing upon vegetation ; and (c) omnivorous, animals like pigs, 
rats, etc., which have, like ourselves, a mixed diet. 

The dormouse is vegetarian mainly, although it will 
often plunder a bird’s nest and eat the eggs or young. 
A cat has short, extremely powerful jaws; a dog’s are 
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longer and, in proportion to the size of the animal, not so 
powerful. In both there are four special piercing teeth — 
the canines, long and pointed, and also two shearing teeth 
— the camassials — (jn each side of the mouth-cavity among 
the grinding teeth, and these work agaiiast one another 
like the blades in a pair of scissors or .shears. 

In the same way it is easy to distinguish the dentition 
of a horse. ‘ 'I'he canine teeth are small or absent, and 
the front teeth — incisors —are sei)arated from the grinding 
teeth behind b}tti s^xice or diastema. We have utilized this 
fact in domesticating the horse, and direct a horse by reins 
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attached to a steel ‘bit’’ placed in the diastema. 'I'he 
teeth behind the diastema in young herbivorous animals 
have tops or crowns raised into crescentic ridges (horse, 
cow, sheep, deer), whereas a pig or hippopotamus has 
conical elevations on these teeth. ' In the adults of these 
herbivorous forms the crowns become flat by constant use. 
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In some herbivorous animals — the ruminants — so-called 
because they take a meal and then at leisure force the food 
back into the mouth and carefully chew it — the grinding 
teeth are practically alike in size and shape, all having broad 
tops, although pome of these— the premolars — have, like 
the incisors and ^canines, been preceded in the young by 
teeth called milk teeth, whilst sr)me at the back of the 
mouth called the molars have never been preceded by milk 
teeth. In many mammals— cats, dogs, and ourselves, 
the premolars differ in appearance from the nt jlars. Gnawing 



animals, like the rabbit, squirrel, rat, and dormouse, have two 
upper and two h^wer incisor teeth which are continually 
growing, and would grow so long as to be useless and cause 
the animal’s death by starvation were it not for the fact that 
the gnawing habit results in the ends of these incisor teeth 
being continually worn away. 

Omnivorous animals have numerous teeth, which seem 
to be sufficiently adapted both for a carnivorous and 
for a herbivorous diet. 

Locomotion. — An expert zoologist could identify an 
animal by the shape of its skull and the number, shape, and 
size of its teeth. There is, however, another feature in 
mammals which is wonderfully adapted to the animars 
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» habits and environment— the limbs. Speaking generally, we 
expect to find mammals possessing great swiftness (horse 
and deer) with rather thin legs — the proximal part of the leg 
down to the knee or elbow being short (in horses this 
region is concealed in the body) ; the wrist or ankle-joint is 
some distance from the ground, because the hoof corresponds 
to our finger-nail or to a cat’s claw— the cow or deer actually 
walking on the tips of two fingers or toes, whereas the horse 
walks upon the single finger or toe present on each limb. 
For this reason ^mch animals are said to be digitigrade. 
The short proximal end of the limb moved by powerful 
muscles and followed by a long thin distal region is quite 
in accordance with the principles of leverage, and results 
in the maximum of speed being attained at the expense 
of the minimum of muscular exertion. 

Again, swift animals like deer have the fore-legs close to 
one another, also the hind-legs; animals with legs wide 
apart — bull-dog or elephant — usually have a comparatively 
heavy body and little speed. Consider the legs of a cat : 
they are short, ending in powerful claws, and effective in 
springing upon and seizing the prey; the soft pads under 
the feet enabling the animal to move softly and to alight 
gently after a spring ; moreover, the swift movements 
of a cat or lion consist of rapidly repeated leaps. The 
o!oven hoof of a sheep, goat, or deer seems to be a factor 
in its sure-footedness when feeding in its natural mountain- 
ous environment. The blunt claws of foxes, dogs, and 
wolves arc useless for climbing or for seizing food ; probably 
their claws are for scratching away earth and leaves in 
search of food. 

'fhe slender free toes of a squirrel or dormouse, with 
curved claws, arc suitable both for climbing and for grasping 
objects. Thus the hind-limbs enable a dormouse to sit up 
and use the fore-limbs exactly like hands for holding the 
food while it is being eaten. 
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Badgers, otters, and bears walk, like ourselves, on the sole# 
of the foot, and they are therefore called plantigrade ; 
a great many mammals — cats, dogs, mice, etc. — walk on 
part of the sole only, and, are hence called sub-plantigrade. 

The fore-legs of a rabbit are rather short, while the hind-legs 
have verv long ^oles, which come in contact with the ground 
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when the animal is running or feeding. .AV^hen moving 
quickly by a series of rapid leaps, the hind-limbs are very 
useful, only the distal ends touching the ground. T'he soles 
of the long hind-limbs are covered with hair, the blunt claws 
at the ends proving useful in making burrows. 

Sleep. — We are acquainted with the hibernation or winter- 
sleep of amphibians and reptiles : birds and mammals do 
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^ot usually hibernate, but have regular periods of rest and 
inactivity. Animals which sleep during the day and are 
active at night are called nocturnal, those which sleep at 
night and move about in search of food, etc., in the day- 
time are said to be diurnal. * 

Adaptation to Environment.— After* the foregoing 
description of the modifications in the teeth, jaws, legs, 
claws, feet, tail, etc., of familiar mammals, the reader will 
have no difficulty in finding many more cases of adaptation 
to environment artiong mammals. Perhaps the colouration 
of the body may be briefly dealt with. We cannot connect 
the colouring of our domestic animals with any attempt at 
protective colouration, becau.se there has been no attempt 
to breed by artificial selection with this aim in view. Hence 
the colouration of our domestic animals has, so to speak, 
run riot. 'Phis is not the case in the wild rabbit. The 
livery of thjs rodent is of a greyish-brown or whitish-brown 
hue, with a white tail behind. The brown or sandy colour 
closely harmonizes in appearance with land in which numer- 
ous burrows have been excavated, and it is thus not alw^ays 
easy to see a rabbit at the mouth of its burrow. It has 
been suggested that the white spot on the tail serves a 
useful purpose. Rabbits live together in numbers, and 
when ^nger threatens, the startled animals rush w^'ldly 
towards their burrows, those in front, with the white 
surface of the upturned tail fully exposed, serving to 
guide those which are behind. The hare has a brown 
colouring, which closely harmonizes with the bracken 
and heather in' which it is accustomed to shelter, since 
it does not burrow like the rabbit: one very interesting 
feature about the Arctic hare — which inhabits regions 
covered with snow for a considerable i>art of the year — 
is that the summer brown coat is exchanged as winter 
approaches for a white coat much less noticeable in snow- 
clad districts. 
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Protection. — Many herbivorous animals, like the horsar- 
or deer, trust mainly to speed for escaping from an enemy, 
althougli the horse can deal a powerful blow in self-defence 
with its hind-feet. Deer., oxen, sheep and goats have either 
antlers or hofns mih which they protect themselves against 
other animals <ind also against one another, since there is 
often a fight between animals of the same species, 'i'he 
claws c^f a cat and the teeth of both cats and dogs render 
them dangerous adversaries, especially when they are 
defending their young — a period at whiefi all mammals are 
most bold and reckless. Of course, dormice and squirrels 
trust to their climbing |)owers when pursued ; in each case 
the large tail behind may be seized and bitten off by an 
oncoming foe, but while the separated tail or fluff is being 
dealt with by the enemy, the little creature may be afforded 
just sufficient respite to enable it to attain a place of safety. 

Rabbits make burrows in the ground, and have neither 
the speed of hares nor any special organs of defence other 
than the blunt claws ; when danger threatens, rabbits rush 
into their burrows. 

The passive means of defence of a hedgehog are familiar : 
the animal simply rolls itself into a prickly ball when 
attacked. 

Intelligence. — Mammals have betin ’domesticated by 
human beings more than other vertebrates have, because of 
their high degree of intelligence. Hence they are useful as 
servants, protectors, and pets. If the size and complexity 
of the brain is any criterion of an animal's intelligence, it is 
only necessary to compare the relative size and structure of 
the brain of a dog or rabbit with that of a fish or reptile to 
see how much higher are the former in the scale of creation. 

PRACTICAL WORK. 

Examine a cat, dog, or rabbit, in order to see the charac- 
teristic features of a mammal. 
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■^Note the hair or fur ; head with mouth -cavity, with 
different kinds of teeth, fleshy lips ; eyej with upper arid 
lower movable eyelids, the eye-lashes, and the nictitating 
membrane ; the whiskers ; ear-flaps, with a passage leading 
down to the ear-drum ; flexible neck* ; trunk with four legs ; 
and tail. * 

(Compare the tail in a cow', horse, dog, •squirrel, and 
mouse ; the teeth in a cat, dog, rabbit, horse, pig, etc. ; the 
feet and claws in a dog, cat, squirrel, rabbit, mouse; the 
hoofs in a pig, sheep, cow, and horse ; the horns of sheep, 
cows, and goats^; tkc teats of a cow, goat, sow (and their 
position on the trunk). 

Watch a cat or dog cleaning a bone, a sheep or cow 
eating grass, and a rat or mouse gnawing some object. 
After feeding, sheep and cows may be observed to “ rumi- 
nate ” (“ chew the cud ”). 

(Compare the manner in which animals like horses, cows 
apd sheep, tread (digitigrade), with that in which sub-planti- 
grade animals— dogs, mice, etc. — tread. 

Plantigrade animals (like the bear, badger, and ourselves) 
rest the whole .sole of the foot on the ground during move- 
ment (compare also the hind-limbs of a rabbit). 

Notice that the colouration of the body of many wild 
animals is protective (viz. aids in enabling the particular 
animal to escape detection by enemies). In domesticated 
animals the colouring varies considerably in the same 
species and has lost its protective value. 

EXERCISES. 

1. Enumerate the distinguishing characters of fishes, amphi- 
bians, reptiles, birds, and mammals. How do all these animals 
differ from an earthworm ? 

2. Make a rough classification of mammals. 

3. Why arc we ourselves included among the mammals ? 
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Thiitl eyelid, 89, 105, 106, 107, 

n6,M46 

Thorax„3x, 41, 56, 59, 62, 147 
Tiger moth, 63 
Toads, 98 

Tongue, 78, 90, 105, 109, 1 10, 
1x2,^ 114, 121,. 136, 147 
Tortoises, 103, 106 
Tortoise-shell. 104 
Tortoiseshell butterflies, 62, 72 
Trachea;, 33, 38 
Tropidonotm natnA\ 109 
Trumpet -shell, 27 
Trunk, 75, 89 
Tsetse-fly, 34, 39 
Tympanic membrane, 89 
'FypiiN, 68 


Ui'PEK-AKM, 92, 115 
Upper lip, of earthworm, 9, 
16, 17 

Uiidcr-fiiK, 144 

I'anessa atlanta^ 72 
Vanvssit cardni^ 72 
Vanessa io, 72 
Vanessa polychloros^ 72 
Vanessa wtico’, 72 
Variation, 26, 121 
Varieties, of pigeon, 1x9, 120 
Vent, 9, 22, 32, 75, 89, 108, 109, 
116 

Ventral, 9 
Ventral fins, 76 
Ventral shields, 109 
Ventricle, of heart, 80 
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Vertebrae, 79. 81 
fll^ibrsil column, 68, 79, 
*47 

Vcrtebrata, 69 
Fes/a crabro^ 57 
Vesha vulgaris^ 57 
Violet ground'beetlc, 46 
Viper, III 
Viscera, 79 
Visceral hump, 22 
Viviparous, 107, rii, 145 
Vocal cords, 93 


Vomerine teeth, 77 
Vomers, 90 

Walking legs, 61 • 

Warm-bloodedanimals,9i, 1 19 

Warning colouration, 64 

Wasp-cake, 57 

Wasps, 55, 64 

Web, of spider, 47, 48, 49 

Whites, 6a 

Whiting, 85 

Wind-pipe, 118 


V/mgs, 31, 32, 38, 41, 46, 55, 
59 

Wings, of birds, 1151 117, 136 
Wool, 114 
Worker bee, 52, 54 
Worker wasp, 56 

Yearling, 83 
YolkW, 83 

Zoi&ocA’, 4 , 68 
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